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ABSTRACT 

The  HELOSCAT  Is  a  helicopter-borne  FM-CW  radar  capable  of  acquiring  differ¬ 
ential  radar  cross-section  data  over  a  wide  range  of  frequencies  (4-18  GHz), 
polarizations  (VV,  HH,  HV)  and  angles  of  incidence  (10°  -  70°).  A  technical 
description  is  provided. 


TABLE  OF  CONTENTS 


ABSTRACT . .  ii 

LIST  OF  FIGURES .  iv 

1.0  INTRODUCTION .  1 

2.0  A  BRIEF  ACCOUNT  OF  RADAR  CROSS-SECTION  THEORY  .  3 

2.1  Modified  Radar  Equation .  3 

2.2  Determination  of  Differential  Scattering  Cross-Section  .  3 

2.3  Illuminated  Area .  5 

2.4  Relationship  Between  Range  and  Oscillator  Modulation  Rate.  ...  7 

2.5  Range  Limiting  by  IF  Bandpass  Filter  .  7 

2.6  Effective  Antenna  Beamwidth.  .  .  .  13 

3.0  GENERAL  DESCRIPTION  .  16 

3*1  Description  of  the  Interior  Equipment  Package .  16 

3.2  Description  of  the  Data  Acquisition  Module .  18 

3*3  RF  Module  and  Antennae  . .  19 

3.4  Altimeter .  20 

REFERENCES .  21 

APPENDICES 

A.  Specifications .  24 

B.  Wiring  Diagrams .  47 

C.  Two-Way  Effective  Beamwidths  in  Degrees  for  HELOSCAT  System.  .  .  75 

D.  FM  Board  Calibration .  94 

E.  Fast  RMS  Detector  Calibration .  94 

F.  Range  Tracker .  95 

G.  Electrical  Load  Analysis . 103 

H.  HELOSCAT  System  Weights . 104 

I.  Standard  Radar  Targets  .  104 

J.  HELOSCAT  System  Footprint  Sizes  and  Independent  Samples . 106 


1.0  INTRODUCTION 


The  value  of  all-weather,  day-night  radar  reconnaissance  of  sea  ice  has  been 
well  established  by  empirical  means.  Such  techniques  are  used  by  scientists  and 
Arctic  operators  in  various  countries  of  the  Arctic  basin.  Although  aircraft 
radar  monitoring  systems  are  in  operational  use,  knowledge  of  the  nature  of  the 
interaction  between  microwaves  and  ice  is  still  sufficiently  incomplete  that 
design  of  future  systems  cannot  yet  be  optimized.  Furthermore,  this  knowledge 
is  important  to  a  fuller  understanding  of  the  observations  made  both  by  operational 
systems  and  experimental  systems,  both  of  which  are  radars  designed  for  other 
purposes. 

j>The  purpose  of  this  report  is  to  provide  a  detailed  technical  description 
of  the  University  of  Kansas  helicopter-borne  microwave  active  spectrometer  (HELOSCAT) 
A  major  advantage  of  this  calibrated  system  is  the  mobility  of  the  helicopter 
platform — it  has  the  advantages  of  both  i  ground-based  system  and  an  aircraft  sys¬ 
tem  without  many  of  the  inherent  disadvantages.  The  Bell  206  helicopter  was 
chosen  as  the  best  platform  because  of  its  wide  availability  in  the  High  Arctic 
(and  continental  U.S.,  for  that  matter),  and  its  low  operating  cost  when  compared 
to  its  sister  aircraft,  the  Bell  205  and  212.  Costs  are  in  the  range  of  $350/flight 
hour  with  a  fuel  consumption  of  30  gallons  per  hour.  In  contrast,  the  larger 
Bell  205  costs  are  $1000/hour  with  a  fuel  consumption  of  80  gallons  per  hour. 

AThis  system  fe  -es  the  ability  to  acquire  data  at  frequencies  from  4  to 
13  GHz  with  like-  and  cross-antenna  polarizations  and  angles  of  incidence  from 
10°  to  70“*  as  vspecified  in  (?ableQ  .  All  control,  including  that  of  the  angles 
and  antenna  polarizations,  is  from  within  the  aircraft.  Frequency  selection 
may  be  performed  both  manually  or  via  microprocessor.  The  microprocessor  also 
multiplexes  data  from  a  fast  true  rms  detector  (0.1  second  average)  and  an  aver¬ 
aging  true  rms  detector  (1  second  average).  Information  such  as  the  modulation 
frequency  of  the  oscillator  control  signal,  the  altitude  determined  by  the  HELOSCAT 
radar  altimeter,  a  test-site  code  and  the  time  of  a  measurement  is  placed  onto 
digital  cassette  tape  by  the  microprocessor.  An  automatic  tracking  loop  is  used 
to  compensate  for  variations  in  aircraft  altitude  and  attitude  by  locking  the 
processing  circuitry  onto  the  targe*,  returns.  Much  work  has  been  done  to  make 
the  radar  into  a  small,  lightweight  aid  easily  installed  package. 


-2- 


TABLE  1 

HELOSCAT  III  SYSTEM  SPECIFICATIONS 


Type 

Frequency  Range 
Modulating  Waveform 
FM  Swee; 

Transmitter  Power 


FM-CW 
4-18  GHz 
Triangular 
800  MHz 
14-19  dBm 


Intermediate  Frequency  50  kHz 

IF  Bandwidth  13-5  kHz 


Antennas : 

No.  1 
Size 

Polarization 

Beamwidths  (8  ) 
e 


Log-Periodic  Feed  Reflectors 

46  cm 
VV 

7.6°,  4.9°,  3.7°  and  2.9°  at 
4.8,  7.2,  9.6  and  13.6  GHz 


No.  2 
Size 

Polarization 

Beamwidths  (3  ) 
e 


61  cm 
HH 

5.4°,  3.7%  2.7°  and  1.9°  at 
4.8,  7.2,  9.6  and  13.6  GHz 


No.  1/2 
Size 

Polarizat ion 

Beamwidths  ©  ) 
e 


64  cm  and  61  cm 
Cross 

6.3°,  4.2°,  3.2°  and  2.3°  at 
4.8,  7.2,  9.6  and  13.6  GHz 


Incidence  Angles 

Cal ibration : 
Internal 
External 


10°  to  70°  from  nadir 

Signal  Injection  (delay  line) 
Luneberg  lens 

30  m  for  0  *  10°  to  50° 

15  m  for  8  ■  60°  and  70° 


A1 t i tude 
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2.0  A  BRIEF  ACCOUNT  OF  RADAR  CROSS-SECTION  THEORY 

A  radar  scatterometer  is  a  device  that  accurately  measures  the  strength  of 
an  observed  signal  which  evolves  due  to  the  scattering  properties  of  an  observed 
region  [1],  The  radar  backscatter  is  described  in  terms  of  the  differential 
radar  cross-section  o°.  This  representation  is  used  because  backscatter  is  assumed 
to  be  the  incoherent  collection  of  a  very  large  number  of  separate  scatterers. 

This  says  that  the  scatterers  are  sufficiently  randomized  in  the  resolution  cell 
that  the  received  power  from  each  may  be  added  to  the  power  from  all  the  others 
without  consideration  for  phase; 


2.1  Modified  Radar  Equation 

When  sensing  a  target  where  the  radar  parameters  remain  essentially  unchanged 
from  one  part  of  the  resolution  cell  to  the  other,  the  following  modified  radar 
equation  may  be  applied  [2]: 

P  G  G  aVa... 

n  _  t  t  r  ILL 

P - — -  (1) 

r  (AiOV 


where: 


Pf  =  received  power 
P  =*  transmitted  power 
=  transmit  antenna  gain 
Gr  *  receive  antenna  gain 
A  ■  wavelength 

o°  *  differentia?  scattering  cross-section  per  unit  area 
A | ll  *  illuminated  area 
Rj  »  range  to  target 


2.2  Determination  of  Differential  Scattering  Cross-Section 

The  power  for  a  radar  may  be  measured  directly  by  use  of  a  square- law  detec¬ 


tor.  This  power  may  be  related  to  the  returned  power  at  the  receive-antenna  port 
through  an  unknown  constant,  Ky ,  which  represents  the  effects  of  the  receiver  gain 
as  well  as  the  attenuation  and  conversion  losses  between  antenna  and  detector. 


(2) 


Immediately  before  and  after  recording  the  return  from  the  target  of  interest, 
a  coaxial  delay  line  of  loss  L  is  switched  into  the  circuit  at  the  antenna  ports 
to  replace  the  path  through  the  transmit  antenna  to  the  target  and  back  through 
the  receive  antenna. 

The  power  after  square-law  detection  is  given  by: 

P0LT  ■  <31 

Taking  the  ratios  of  equations  (2)  and  (3),  we  have: 

P_  G  G  X2a°A. , , 

T  _  t  r  ILL  \ 


PDLT  (4ir)3RT\ 


As  can  be  Seen  in  the  above  equation,  variations  in  transmitted  power  and 
the  effects  of  variations  in  cable  loss,  mixer  conversion  loss,  receiver  gain, 
etc.,  are  removed. 

To  complete  calibration  of  the  system,  the  returns  from  a  standard  target 
of  known  radar  cross-section  are  measured.  The  standard  radar  target  used  in 
the  Arctic  backscatter  experiments  is  a  Luneberg  lens.  The  returned  power  of 
the  standard  radar  target  is  given  by: 

2  PtGtV2aSRT 

P LENS  =  Kc  [  -3  l  '  ]  (5) 

LtNS  c  (4tt)  3R  4 

c 

where: 

Kc  =  system  constant  K  at  time  of  calibration 

Rc  =  range  to  standard  radar  target 

=  radar  cross-section  of  standard  radar  target 

The  power  detected  through  the  coaxial  delay  line  at  the  time  of  calibration 
using  the  standard  radar  target  is  given  by: 

P0U  ■  Kc2ptL  <6> 


The  ratio  of  equations  (5)  and  (6)  is  given  by: 


GtV  aSRT 


PDLl  (Att)3R  V 
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Note  that  variation  in  Py  and  K  do  not  appear  in  the  ratio.  Combining  equation 
(7)  with  the  inverse  of  equation  (4)  yields  the  following  when  solved  for  o°: 


ptpdllrt  ctsrt 

“ - — ~r - 

p  p  P  “a 

DLT  LENS  c  ILL 


(8) 


expressed  in  dB  may  be  written  as  follows: 


o° (dB)  -  PT(dB)  -  PLEN$(dB)  -  PDLT(dB)  +  PDLL(dB) 

+  40  log  (Rt/Rc)  +  a$RT(dB)  -  10  log  A|U  (9) 

Py(dB) ,  PQLj(dB) »  PLENS^dB^  and  PDLL^dB^  are  measured  and  recorded  at  the  time 
of  the  experiment. 


2.3  1 1 1 uminated  Area 

The  illuminated  area  is  calculated  using  the  geometry  shown  in  Figure  2.1. 
The  projection  of  a  radar  beam  in  the  form  of  an  elliptical  cone  as  seen  on  the 
ground  is  a  skewed  ellipse.  The  area  of  the  ellipse  is  calculated  as 

A(^l  =  (major  axis)  (Minor  axis) 

Note  that  the  major  axis  lies  in  the  elevation  plane  and  the  minor  axis  lies  in 
the  azimuthal  plane.  From  the  geometry  of  Figure  2.1,  expressions  for  the  major 
and  minor  axes  were  derived. 


Maxis  =  RTcos0Ctan(0  +  Be/2)  -  tan (8  -  e£/2) ] 

"axis  =  2RT  tan(BA/2)  (10) 


A|Ll  *  U/2)RT2cos8*tan(BA/2)*[tan(0  +  s£/2)  -  tan  ( 6  -  0^2)]  (11) 

where: 

A | ll  *  illuminated  area 

Maxis  =  major  axfs 
m  .  *  minor  axis 

aX  I  S 

Ry  =  range  to  target 

8  =  pointing  angle  of  antennas  off  vertical 

*  effective  gain  product  beamwidth  in  the  elevation  plane 
SA  *  effective  gain  product  beamwidth  in  the  azimuthal  plane 
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2.4  Relationship  8etween  Range  and  Oscillator  Modulation  Rate 

For  a  given  target  at  range  R,  the  time  that  returned  signals  are  delayed 
when  referenced  to  the  transmitted  signal  is  2R/c.  An  illustration  of  the  fre¬ 
quency  relationship  between  the  transmitted  and  received  signals  for  triangular 
frequency  modulation  is  shown  in  Figure  2.2.  Using  similar  triangles  it  may  be 
shown  that: 

2R/c  ,/(2*V 


R  =  f . _c/4Af f 
I F  m 


where: 


R  =  equivalent  free-space  range  to  target 

c  =  free-space  velocity  of  light  in  m/sec 

f  =  oscillator  modulation  frequency 
m 

f.p  *  intermediate  frequency 
Af  =  sweep  width  of  RF  signal 

However,  equation  (13)  does  not  account  for  the  delay  that  occurs  due  to  the 
travel  of  the  radar  signal  within  the  radar  itself.  To  account  for  this  delay  a 
range  term  associated  with  this  time  delay,  RQ,  must  be  added  to  equation  (13). 

R  =  f,Fc/4Affm  -  Rd  (14) 

2.5  Range  Limiting  by  IF  Bandpass  Filter 

A  bandpass  filter  is  used  in  the  processing  of  the  intermediate  frequency 
return  signals  acquired  from  the  earth  scene.  This  filter  limits  signal  proces¬ 
sing  to  the  intermediate  frequencies  which  exist  within  its  bandwidth  or,  equi¬ 
valently,  to  the  scatterers  which  are  located  within  a  resolution  cell  determined 
by  the  filter  bandwidth.  Normally  the  range  of  the  return  signal  intermediate 
frequencies  is  limited  by  the  filter  action  of  the  antenna  pattern.  However,  IF 
filter  limiting  will  occur  when  the  radar  beamwidth  range  resolution  becomes 
greater  than  the  IF  filter  resolution.  The  beamwidth  resolution  is  given  by: 

AR  -  R  cos6  [sec (8  +  0  /2)  -  sec(©  -  B£/2)]  (15) 

The  filter  resolution  is  given  by: 

RAf ,  r- 


(16) 


Voltmeter 


Band  Pass  ^if 
Filter  “ 


« 

\ 

!' 

t 


,4! 


- Transmitted 

Frequency 

- Recieved 

Frequency 
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where  Af|p  =  IF  filter  bandwidth. 

If  the  incidence  angle  exceeds  the  value  for  which  AR  is  the  same  in  (15) 
and  ( 1 6) ,  the  IF  bandpass  filter  starts  to  cut  off  the  returns  from  the  ranges 
which  correspond  to  the  IF  frequency  of  outside  its  bandwidth,  resulting  in  the 
reduction  of  illuminated  area.  The  following  is  a  summary  effect  on  illuminated 
area  [3]. 

From  Figure  2.3,  a  and  b  are  the  semi-major  and  semi-minor  axes  as  given  by 
equations  (10)  and  (11).  ctj  and  are  the  range  limits  set  by  the  filter  and 
given  by: 


=  (R  + 

r  )’:Af 

KD;2f 

07) 

c 

=  (R  + 

\  1  +Af 

RD  2f 

(18) 

c 


where  f  is  the  center  frequency  of  the  filter  and  Af  is  the  bandwidth  of  the 
filter,  i and  are  the  distance  from  the  center  of  the  beam  to  the  edges  of 
the  beam,  and  x^  and  x^  are  the  distances  to  the  range  limits  of  the  filter. 

K  is  the  distance  to  the  center  of  the  ellipse.  From  Figure  2.3,  the  following 
equations  are  easily  obtained: 


Y  *  h«  tan  (9  -  S^/2) 

(19) 

K  =  y  +  a 

(20) 

=  (h*tan6)  -  y 

(21) 

%2  =  2a  -  Jlj 

(22) 

h*tan0  -  /a2  -  h2 

i  f  a  >  h 

1 

1  - 

h*  tanQ 

if  a  <  h 

1 

(23) 

a2  -  h2  -  h*tan9 

2 

(24) 

Depending  on  the  relations  between  Xj  and  Jlj  and  between  x2  and  %2,  the  following 
four  cases  can  arise. 


X 


Figure  2.3:  Geometric  Representation  of  Radar  Beam  Showing  Filter  Cut-Off 
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Case  1 : 

The  filter  completely  covers  the  antenna  beamwidth  (see  Figure  2.4)  when 
Xj  >  ilj  and  x2  >  Sl2 .  This  is  the  case  treated  in  the  beginning  of  this  section. 

Case  2: 

The  filter  partially  covers  the  radar  resolution  (see  Figure  2.5)  when 
Xj  <  l j  and  x2  >  ^2« 

G  =  h*tan0  -  Xj  (25) 

The  equations  for  the  ellipse  and  the  equal  range  circle  are  given,  respectively, 
by 

(x : K)2  ♦  4  *  1  (26) 
a  b 


2  2  r2 
x  +  y  “  G 

Solving  these  two  equations  for  the  intersection  point  T, 

¥  »  [Kb^  -  /a2b2K2  -  a2(G2  -  b 2 ) ( b 2  -  a^)]/(b2  -  a2) 
The  area  which  should  be  subtracted  from  the  whole  ellipse  is. 


/•¥  _  r  G 

area  ■  2[  b/l  -  (x-K) */a*  dx  + 

y  '¥ 


/Gz  -  x^  dx 


Solving  equation  (29),  we  have 


area  =  —  (9j  -  sin29j)  +  —  (202  -  sin292) 


where: 


9 j  =  cos  ((h  -  ¥)/a) 

02  =  cos"1 (¥/G) 

Therefore,  the  resultant  illuminated  area  for  Case  2  is: 


A | l l  =  ffab  "  area 


where  area  is  given  by  equation  (30). 


Figure  2.5:  Shows  Filter  Partially  Covering  Radar 
Beam  Resolution  (Case  ll) 
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Case  3- 

The  filter  partially  covers  radar  resolution  (see  Figure  2.6)  when 
Xj  >  and  x2  <  ^ow, 


G  *  h*tan6  +  x„ 


(32) 


The  shaded  area  can  be  calculated  along  the  same  lines  as  in  Case  2  and  is  given 
by 

ft  _ . _  fG  _ 

AILL  "  I  by/l  -  (x-K)z/az  dx  +  /G2  -  x2  dx  (33) 


Solving  equation  (33) >  we  have 


A,ll  -  —  (9,  -  sin29,)  +  (292  -  sin292) 


(34) 


Case  4: 

The  filter  resolution  is  completely  inside  the  radar  beam  (see  Figure  2.7) 
when  Xj  <  and  x2  <  22.  Here, 

Gj  =■  h*tan9  -  x^ 

G2  *  h*tan0  +  x2  (35) 


and  the  illuminated  area  becomes 


rGz . .  _ 

fG2  . 

b^l  -  (x-K)2/a2  dx  + 

/G2  -  x2  dx  - 

>2 

/G2  -  x2  dx  (36) 

2.6  Effective  Antenna  Beamwidth 

The  effective  beamwidths  for  the  two-way  antenna  pattern  is  used  in  calcu¬ 
lating  the  illuminated  area.  If  the  sidelobe  levels  are  considered  low  enough 
to  be  neglected  then  the  one-way  antenna  pattern  may  be  fit  with  a  Gaussian 
function,  G^ (9 ) ,  and 

G$(0)  =  Go*exp(-02/20o2)  (37) 

where: 

G  =  qain  of  the  antenna 
o 

9  =  angle  off  axis 
0„  =  constant. 


I 


B 

1 


1 

. 

i 
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SI  nee  at  the  half-power  points,  0  *  S/2,  the  gain  Is  one-half  Gq,  the  Gaussian 
antenna  pattern  requires  only  a  knowledge  of  6  and  can  be  expressed  as 

G$(0)  «  G0*exp(-4*1n2*eZ/62)  (38) 

If  two  antennas  with  power  patterns  G^ (e)  and  G2(0)  are  used  for  transmission  and 
reception,  the  product  pattern  may  be  expressed  as 

GI2(0)  *  G]G2*exp[(-4*ln2) (02/S12  +  02/822)]  (39) 

The  gain  will  be  reduced  to  one-half  G^G2  w^en  ®  =  ®)2^2,  therefore 

Sj2  *  /S,2S22/(6]2  +  &22)  (40) 

If  the  same  antenna  is  used  for  transmission  and  reception,  then  6  *  8j  *  S2  and 


12 


B//2 


(41) 


In  making  the  calculation  of  illuminated  area  it  is  assumed  that  all  the 
power  In  the  antenna  pattern  is  concentrated  into  a  cone  with  a  gain  of  G^ 
and  a  beamwidth  of  S^pp.  The  effective  beamwidth,  Sppp>  can  be  obtained  for 
any  antenna  pattern  by  integrating  the  volume  and  then  dividing  this  volume  by 
the  maximum  gain.  Therefore, 


2tv 


t  * 


G(0)sin0  d0d<{> 


*n 


& 


o  o 

which  reduces  to 


G^sin©  d0d(f> 


'TT  9  ?  A  '  o  ' 

exp(-4*In2*0  /S^2  )  sin0  d0  =  sin0  d0 

■'o 


(42) 


=  I  -  cos  (6Epp/2) 


(43) 


or 


B--c  »  2cos_1(l  -  exp(l4* ln2*02/6,,2) *sin0  d0 
EFF  1 o  it 


.-1 
» 

=  1.2016 


12 


(44) 


3.0  GENERAL  DESCRIPTION 


The  radar  may  be  divided  into  five  sub-systems:  (1)  the  power  and  IF  pro¬ 
cessing  module  ( P I  PM) ,  which  consists  of  a  DC/AC  converter,  DC  power  supplies, 

IF  signal -process ing  circuitry,  and  the  tuning  signal  generators;  (2)  the  data 
acquisition  module  (DAM),  which  houses  a  microprocessor,  an  A/D  converter,  a 
rapidly  responding  RMS  detector,  a  frequency  counter,  an  averaging  RMS  detector, 
a  digital  altitude  display  and  a  digital  cassette  recorder,  and  the  external  RF 
module  (RFM),  which  houses  the  microwave  componentry;  (3)  the  wide-band  parabolic 
dish  antennae;  (4)  the  antenna  support  structure  and  actuator;  and  (5)  the  radar 
altimeter.  Each  of  these  sub-systems  is  described  in  more  detail.  Descriptions 
of  their  functions  or  operation  is  in  the  main  body  of  this  report,  whereas  cir¬ 
cuit  board  layouts,  test  procedures,  and  wiring  diagrams  are  located  in  the 
appendix. 

3. 1  Description  of  the  Interior  Equipment  Package 

3.1.1  Inverter/Actuator  Module 

This  module  consists  of  a  Flitetronics  static  inverter  and  actuator  control 
circuitry.  The  static  inverter  converts  the  aircraft  +28  V  DC  to  115  V  AC  at 
400  Hz.  An  actuator  controls  the  antenna  look  angle  and  requires  +12  V  DC  for 
its  operation.  A  dedicated  series  regulator  is  used  for  the  DC-AC  conversion. 
Dual  relays  allow  directional  control  of  the  actuator. 

3.1.2  DC  Power  Module 

DC  voltages  are  required  for  system  operation.  Series  regulators  convert 
the  +28  V  to  +18,  +15,  +12.  Three  terminal  regulators  convert  the  -18  V  to  -15, 
-12,  and  -5.  The  -18  V  and  -5  V  are  obtained  using  AC-DC  converters. 

3.1.3  FM/IF  Module 

This  module  includes  the  electronic  circuitry  which  produces  the  tuning  sig¬ 
nals  which  modulate  the  RF  oscillators,  circuitry  which  track  target  returns, 
and  IF  processing  circuitry.  Switches  which  select  the  mode  of  operation  of 
the  radar  are  also  located  here. 

3. 1.3.1  Oscillator  Tuning  Signal  Generator 

The  external  RF  module  contains  two  Yig-tuned  oscillators  which  can  cover 
the  frequency  bands  from  4-18  GHz.  These  oscillators  are  frequency-modulated 
using  a  triangular  waveform  obtained  from  a  waveform  generator  whose  frequency 
can  be  voltage  controlled.  The  triangle  waveform  and  the  output  from  a  digital- 


-17- 


to-analog  converter  are  summed  together  to  drive  the  oscillators  to  a  given  fre¬ 
quency  and  then  sweep  about  this  frequency.  This  center  frequency  may  be  manually 
set  using  a  rotary  switch  located  on  the  front  panel  of  the  data  acquisition 
module  or  automatically  set  by  the  microprocessor. 

3. 1.3. 2  Range-Tracker 

The  circuitry  used  to  track  the  target  returns,  range  tracker,  is  in  its 
second  generation.  The  original  used  in  the  TRAMAS  system  is  described  in 
RSL  TM  331-19  [4].  Since  the  intermediate  frequency  coming  out  of  the  mixer  is 
directly  proportional  both  to  the  sweep  rate  and  to  the  time  delay  associated  with 
the  range  to  the  target,  a  range-tracker  can  keep  the  centroid  of  the  IF  response 
at  a  desired  frequency  by  detecting  the  signal  centroid  and  controlling  the  sweep 
rate.  This  is  done  by  taking  the  range-tracker  output  voltage  to  the  frequency 
control  port  of  the  triangle  generator.  A  detailed  discussion  is  included  in 
Appendix  F. 

3. 1.3. 3  IF  Processor 

The  mixer  IF  output  is  routed  through  a  35  kHz  high-pass  filter,  an  impedance 
transformer,  an  IF  amplifier,  and  then  a  50  kHz  bandpass  filter.  The  processed 
signal  is  then  detected  by  an  averaging  true  rms  voltmeter  which  is  sampled 
every  0.5  second  and  by  a  fast  rms  voltmeter  which  is  sampled  every  0.5  second. 

The  bandpass-filter  output  is  also  used  in  locating  the  frequency  centroid  of  the 
target  return  which  is  required  by  the  range  tracker. 

3. 1.3*4  Radar-Mode  and  Sweep-Rate  Control  Circuitry 

This  module  provides  most  of  the  control  switches  for  the  various  modes  of 
operation  and  also  the  miscellaneous  circuits  for  these  purposes. 

3. 1.3. 4.1  Radar  Mode 

A  2-deck,  5-position  rotary  switch  provides  the  control  voltages  to  set  the 
radar  into  one  of  4  modes  of  operation.  The  modes  of  operation  are:  delay-line 
calibration  and  VV,  HH  and  VH  antenna  polarizations.  The  RF  switches  which  are 
set  by  these  control  voltages  are  located  in  the  external  RF  module.  A  descrip¬ 
tion  of  these  4  operating  modes  is  found  in  Section  3.3* 

3. 1.3*4. 2  Oscillator  Tuning  Voltage  Sweep  Rate 

The  sweep  rate  of  the  oscillator  tuning  voltage  may  be  controlled  using 
the  manual  FM  adjust  located  on  this  module.  If  the  range-tracker  is  used,  the 
sweep  rate  is  adjusted  via  the  range  tracker.  A  reset  to  a  selected  sweep  rate 
is  provided  in  the  tracking  circuitry.  This  frequency  is  set  by  using  the 
"track  FM  adjustment." 
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3-1. 3.^.3  Sweep  Width  Select 

A  three-position  slide  switch  located  on  the  front  panel  of  this  module  is 
used  to  select  the  width  of  the  RF  frequency  sweep.  For  scatterometry  the  switch 
is  set  in  the  RO  position.  The  other  two  positions  are  for  use  when  probing  with 
radar.  They  increase  the  bandwidth  over  which  the  oscillators  sweep. 

3.2  Description  of  the  Data  Acquisition  Module 

In  this  module  the  processed  target  power  returns  are  displayed  and  detected. 
The  helicopter  altitude  and  the  sweep  rate  are  also  displayed.  The  RF  center  fre¬ 
quency  select  switch,  the  site  encoder,  the  digital  cassette  recorder,  and  the 
computer  reset  are  located  on  the  front  panel  of  the  module.  Housed  inside  the 
module  is  the  Intel  8080-based  microcomputer. 

3.2.1  Fast  RMS  Detector 

The  mean  square  of  a  signal  is  obtained  by  squaring  and  averaging  the  squared 
instantaneous  value  over  the  sampling  interval.  The  root-mean-square  is  obtained 
by  taking  the  square  root  of  the  mean-square  value.  Commercial  true  root-mean- 
square  detectors  typically  employ  a  square  law  detector  and  an  RC  or  op-amp  inte¬ 
grator  to  obtain  the  average  value.  These  instruments  have  settling  times  greater 
than  1  sec,  making  them  unsuitable  for  fast  data  acquisition.  A  fast-rms  detector 
based  on  two  standard  settling  times  of  less  than  25  m/s  was  developed  to  allow 
data  collection  at  0.1  sec  intervals.  Errors  are  less  than  \%  to  2 %  in  the  final 
readings  for  input  signals  in  the  expected  input  range  from  0.25  mV  to  1.5  V. 

The  outputs  from  each  of  the  two  rms  modules  are  supplied  to  an  A/D  converter  also 
located  in  the  module.  Channel  1  of  the  fast  rms  detector  is  valid  for  signals 
from  0.25  mV  to  25  mV,  while  Channel  2  is  valid  for  signals  from  25  mV  to  1.5  V. 

3.2.2  A/D  Converter 

A  miniature  modular  data  acquisition  system  is  used  to  convert  the  analog 
input  signals  into  the  output  data  which  is  buffered  three-state  for  interfacing 
with  the  microcomputer.  Two  channels  of  fast  true-rms,  the  altitude  and  the  site 
encoder  are  read.  The  fastest  read  rate  is  50  kHz,  the  resolution  is  12  bits, 
and  the  pin-programmed  input  range  is  0  to  +5  V. 

3.2.3  Microcomputer  System 

The  Intel  SBC-80/10  is  a  complete  single-board  computer  system.  The  CPU, 
system  clock,  read/write  memory,  nonvolatile  read-only  memory,  I/O  ports  and 
drivers,  serial  communications  interface,  bus  logic  and  drivers  all  reside  on  the 
board.  The  central  processor  is  the  8080A  which  contains  6  8-bit  general  purpose 
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registers  and  an  accumulator.  The  board  contains  IK  of  random-access-memory  and 
4K  of  read-only  memory.  There  are  48  programmable  parallel  I/O  lines.  The  mem¬ 
ory  and  I/O  capabilities  were  expanded  by  an  additional  4K  of  random-access-memory, 
8K  of  read-only-memory  and  48  parallel  i/O  lines  by  adding  the  SBC-104  memory 
expansion  board. 

During  data  acquisition,  the  contents  of  the  microcomputer  memory  are  sent 
to  a  digital  cassette  recorder  for  permanent  storage.  The  recorder  interfaces 
to  the  CPU  via  one  of  the  bi-directional  parallel  ports.  It  is  controlled  by 
software  and  provides  its  own  error  checking  during  read  and  write  operations. 

The  data  is  recorded  using  phase  shift  keying  at  a  recording  density  of  800  bits 
per  inch.  With  standard  digital  cassette  tapes  this  allows  over  150  minutes  of 
data  to  be  recorded  per  cassette  side. 

The  operator  interfaces  with  the  computer  using  a  hand-held  pocket  terminal. 

It  is  capable  of  generating  and  transmitting  all  128  ASCII  codes.  The  codes  are 
sent  to  the  microcomputer  as  an  8-bit  serial  stream.  A  display  section  consists 
of  8  "starburst"  LED  display  characters  received  from  the  processor.  The  terminal 
contains  an  internal  30  character  buffer  which  can  be  displayed  by  moving  the 
8  LED  "window"  across  it.  Whenever  possible,  I/O  was  limited  to  fewer  than  8 
characters  so  that  the  window  did  not  have  to  be  moved. 

The  microcomputer  software  was  written  to  acquire  a  real  time  data  stream 
by  sampling  the  various  instruments,  allow  the  writing  of  text  records  onto  the 
cassette  tape,  allow  the  dumping  of  the  recorded  data  into  various  formats,  allow 
computer  control  of  the  RF  frequency,  provide  a  test  loop  to  determine  if  all 
devices  are  being  read  properly  by  the  computer,  allow  operator  control  of  the 
digital  cassette  recorder,  and  provide  time  tags  based  on  the  computer's  real  time 
clock. 

3.3  RF  Module  and  Antennae 

The  RF  oscillators  and  the  microwave  components  of  the  radar  are  housed  in 
this  module.  This  module  is  located  directly  behind  the  24-inch  dish  antenna. 

Rigid  coax  links  the  module  to  the  feeds  of  the  antennae  and  mul t i conductor  and 
flexible  coax  cables  link  the  module  to  the  FM/IF  module. 

Two  antennae  are  required  by  this  radar  which  operates  in  four  modes.  Three 
of  the  modes  control  the  antenna  polarizations  for  transmission  and  reception. 

For  HH-polarizat ion,  only  the  24-inch  dish  is  used;  for  VV-polar izat ion  the  18-inch 


dish  is  used  alone;  if  both  antennae  are  used,  the  polarization  is  VH.  In  the 
fourth  mode  the  RF  signal  is  sent  via  flexible  coax  to  the  open-circuited  delay 
line  located  in  the  FM/IF  module  for  internal  calibration. 

3.4  A1  timeter 

A  Bonzer  Mini-Mark  radar  altimeter  provides  accurate  altitude  information 
from  45  to  1000  feet.  It  is  mounted  to  the  helicopter  using  the  cargo-hook  hard 
points.  A  three-conductor  cable  connects  the  altimeter  to  the  back  panel  connec 
tor  of  the  Data  Acquisition  Module,  where  a  digital  panel  meter  is  used  as  the 
indicator  for  the  altimeter.  The  altimeter  output  also  goes  to  the  A/D  converte 
for  recording. 
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A I  INVERTER/ACTUATOR  MODULE 
A1.1  400  Hz  STATIC  INVERTER 


Input  Voltage: 
Input  Current: 
Output  Voltage: 
Power  Output: 
Protection: 
Efficiency: 
Temperature: 
Weight: 

S  i  2e  : 


28  VOC  +  2.0  VDC 

31  A  Full  Load  and  I  A  No  Load 

115  VAC  and  26  VAC 

600  VA  Continuous 

88  V  Transients  on  28  V  Line  for  1  ms 
70%  at  Full  Load 
-55°  C  to  70°  C 
14.6  lbs. 

8-1/2"  W  x  12"  L  x  4-1/16"  H 


Pins 

A 

B 

C 

D 

E 

F 

G 

H 

I 


Description 

Output :  2jS"  VAC 

Output:  115  VAC 

Output:  Common  AC  return 

Input:  +  28  VDC 

NC 

Chassis  Ground  Input  DC  Return 
NC 

NC  ' 

Osci 1 lator  Sync. 


Al.2  12  VOC  ACTUATOR 


Manufacturer: 
Part  Number: 
Rated  Load: 
Current  Draw: 
Stroke 
Travel  Rate: 


Sag i naw 
5703605 
750  lbs. 

22  A  max 
4  inches 
1.1  in  /-sec 


A1.3  VOLTAGE  REGULATOR 


DESCRIPTION 

The  LAS  7200  Series  of  Power  Hybrid  Voltage  Regulators  it 
designed  for  applications  requiring  a  well  regulated  output  voltage 
for  load  current  variations  up  to  30  amperes.  A  key  feature  of  me 
LAS  senes  of  Power  Hybrid  Voltage  Regulators  is  its  construction. 
A  high  degree  of  thermal  isolation  between  the  heat  generating 
power  elements  and  the  heat  sensitive  control  and  reference  ele¬ 
ments  is  achieved  by  the  placing  of  the  power  section  on  the  heat- 
dissipating  base  of  the  unit,  and  the  control  stage  on  me  heat- 
dissipating  upper  surface.  This  thermal  isolation  results  in  extremely 
low  thermal  drift  characteristics  for  changes  m  power  levels. 
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Mode  I : 

Vol tage 
Current : 
Regulation: 
Ripple: 

Noise: 

Temp.  Coef.: 

AC  Input: 

Input  Power: 
Operating  Temp.: 


Mode  I : 

Trip  Voltage: 
Current : 


A2 


LAMBDA  DC  POWER  SUPPLY  MODULE 


L0S-x-5 
5  +  5  %  V 
9.0  A  max 

.15% 

1 . 5  mV  r  is 
5  mV  p-p 
.03%  /°C 

105-125  VAC  at  47 
160  Watts 
0°  C  to  60°  C 


LOS-x-20 
20+5 %  V 
3.8  A  max 


440  Hz 


Overvoltage  Protectors 

L-12-0V-5 
6.6  +  .2  V 
12  A~ 


L-6-0V-20 
22.8  +  .7  V 
6  A  ~ 


Sch 

rmatic  Component* 

cx 

C2 

C4 

M 

as 

R7 

aio 

Rll 

R12 

Model* 

•lu*100% 

ELECT 

10+75% 

ELECT 

•10*75% 

ELECT 

:3%,  3W 
WW 

tS% 

vvw 

•+w 

COMP 

l'4W 

WW 

CT 

WW 

%w 

FILM 

Los-x-a 

34.000  m( 
15  vdc 

47  ml 

35  vdc 

470  ml 
l«vdc 

200 
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COMP 

0  10 

2.2K 

t5% 

l  2K 

o  to 

3W 

— 

Jumper 

LOSV20 

12  500  mf  |  47  m( 
j  60  \dc 

220  ml 
50  vdc 

3  6K 

0  301  10K 

2%  1 :5% 

5  OK 

0  30 

ilL 

78®  { 

v.  ». 1  ® 1  i  1  •  ir*^  •* 

.  *  *.  •  '  >  *  H  ».  ^  ■*  **  .  *■«**,.** 

a 

23 

A3. 

FM/ 1 F  Module 

n 

A3. 1  IF  Ampl i f ier 

Model:  HP  465A 

a 

Freq:  5  Hz  to  1  MHz 

*  , 

Output:  >  10  volts  rms  open  circuit 
(+  2  W). 

;  >  5  volts  rms  into  50  ohms 

a 

Impedance:  10  M  ohm 

Output  Impedence:  50 

shunted  by  <  20 

ft 

pF 

i 

Power:  1 l 5  or  230  V 

;  50  to  400  Hz; 

10  watts 

>n4 

v  * 

• 

A3. 2  IF  Filters 

Manufacturer 

High  Pass 

Band  Pass 

» 

AI 1  en  Avion i cs 

F503 

F504 

Cut-off  frequencies  ( f c ) 

3  dB  max: 

35  kHz 

43.4  kHz,  56.8  kHz 

Impedance  range 

50ft  in;  10  Kft 

out  50ft  in;  50ft  out 

Maximum  ripple 

1  dB 

1  dB 

• 

Maximum  insertion  loss 

2  dB 

2  dB 

’  • 

- 

1  • 

• 

* 

. .  .  _  ...  -  -  J 

M  DATA  ACQUISITION  MODULE 

A4.I  DATEL  MDAS-16  A/D  CONVERTER 


ANALOG  INPUTS 
Numb—  of  CHorutoie 

Input  Votteg*  Rang** 

umpolir  . 

bipolar  . 

Common  Mod#  Rang*,  min 
Maa.  Input  Voltaga. 

no  damage  . 

Input  Impadanco 
Input  8<aa  Currant 
Input  Capacitance 
OFF  channel 
ON  channel 


1 6  Single  Ended  |MOAS  1 6) 
B  Differential  (MOAS-BO) 

Oto  *5V  0  to  ♦  10V 
*2.SV.  z5V.  tIOV 
tlOV 

t15V 

100  megonmf 

3nA.  10nA  mu  0  to  70*C 


ACCURACY 

Reaolution 

Error,  mti  SOkHf  tampiing 

Nonlmaariry.  max 

Otff  Nonlinearity,  max. 

Gam  Error  . . 

OH*at  Error 

Temp  Coeff  of  Gam.  max. 
Temp  Coeff  of  Offset.  max 
DiN  Linearity  Tempco.  max 
Common  Mcde  R*t#c..  mm. 
Monoionicnv 
Power  Supply  R  election 


12  Bits 

1 025%  of  ESR 
l'/i  lSB 
t*>  LS8 
Adi  to  tero 
Ad|  to  (pro 
s30oom/°C 
i7opm/°C  ol  FS 
r3oom  «C  of  FS 
70  00  at  t  kM| 
0°C  to  70°C 
01N/%  Supply 


OYNAMIC  CHARACTERISTICS 
Throughput  Rate  max  SO  kHz 

A cqumiion  Time  6ysec. 

Conversion  Time  14psec. 

Aperture  Time,  max  lOOntec 

Sample  -fold  Oroop.  max  200yV/msec 

Feedthrough,  max  01°* 

Channel  Crosstalk  (Mux.)  80  d8  at  1  kHz 


DIGITAL  INPUTS 
Enabla 

Mux  Address  In 

Strobe 

A/D  Trigger 

A/D  Trigger 
Mui  Enabla 

Count  Enable 

Load  Enable 

Clear  Enable 

MSB  In 
Short  Cycle 


Three  separate  inputs  wnicn  enable 
tn-ftate  outputs  m  4  on  bytes 
1  TTl  load 

3  bn  (M0AS  80i  or  4  bit 
(MDAS-16)  binary  address 
1  LS  TTL  load 

1  LS  TTl  load  witn  1 0K  pufi  up 
resistor 

1  LS  TTl  load  with  lOK  pul) -up 
resistor 

I  LS  TTl  Load 

1  TTL  load  with  10k  puli  up 

resistor 

1  LS  TTL  load  with  10K  pull  up 
resistor 

1  LS  TTL  loeo  with  10k  pull-up 
resistor 

1  LS  TTl  load  with  t  OK  puli  up 
resistor 
1  TTL  toad 

1  TTL  load  with  1  OK  puli *up 
resistor 


POWER  REQUIREMENT 


*  1 SVDC  :0  5V®  65mA 
1 5V0C  :0  SV  ■£  60  mA 
•SvOC  :0  25V  <|  200mA 


PHYSICAL  ENVIRONMENTAL 

Operating  Temp  Range  C 

Storage  Tempe. atwra  Range  . 
Package  Sue  4 

(1 

Package  Type  S 

Weight  6 


C'C  to  70:C 
25  C  to  -85 -C 
4  6  «  2  5  «  0  375  mches 
H  16  0  »  63  5  *  9  5  mmi 
Stee<  sn^ided  on  5  sides 
6  oz  t 1  70  g ' 


NOTES.  1  All  puioulS  are  Vout  (  0  )«*0  4V  Voul  I  1  »»*2  4V 
2  All  moult  era  Vm  (  0  I  -*0  8V  Vm  i  1  |  *»2  OV 


OROERING  INFORMATION 


DIGITAL  OUTPUTS 
Parallel  Oata  Out 

Coding 
Serial  Out 

Mux  Address  Out 


Oeley  Out 
Clock  Out 
rOC  (Status  l 
MSB  Out 
WsB  Out 


12  parallel  imes  of  buffered  tn- 
state  outoui  data 
D lives  12  TTl  loads 
Suaightpinary  offsetbinary  and 
two  $  complement 
Output  data  in  MSB  first  NRZ 
format  Stra-ghtoinarvandoHset 
binary  coding 

Drives  5  TTl  maos 
Suffered  output  address 
register 

Drives  20  TTl  loads 
Orives  5  TTl  load* 

Drives  5  TTl  loads 
Ofves  4  ttl  loads 
Dnwes  5  TTl  loads 
Orivcs  5  TTL  loads 


Price  (191  (100's) 

MDAS-16  .  S295.00  Si 95  00 

MDAS-8D  . .  .  $295  00  S195  00 

These  modules  are  also  available  m  extended  temperature 
range  versions  designated  with  the  suffix  EX  1-25‘C  to 
♦85°C)  or  EXX-HS  (-55' C  to  85' Cl  with  hermetically 
sealed  semiconductor  components  Contact  factory 
for  price  and  delivery 

Included  with  each  module  is  a  mating  ngnt -angle 
72  pm  connector  lAMP  3-86063-2)  Additional  con¬ 
nectors  may  also  be  ordered  by  the  following  number; 
58-2082010  Connector  $10  00  each. 

Trimming  Potentiometers  TP  20K  S3. 00  each 
Multiplexer  exoander  modules  are  also  available. 

The  MDXP  32  adds  32  single  ended  or  16  differential 
channels  with  control  logic  Price  is  Si 99  00 
The  MOXP  32  1  is  identical  but  without  control  logic. 
Pnce  is  SI  79  00 


PIN  CONNECTIONS  for  MDAS-16 


TIN  CONNECTIONS  for  MDAS-80 


Bottom 

Bottom 

•I5V0C 

IT 

H 

1 5V0C 

*1SVOC 

IT 

18 

-15V  DC 

Analog  Gnd 

2T 

2B 

Analog  Gnd 

Analog  Gnd 

2T 

28 

Analog  Gnd 

Ch  0  m 

3T 

31 

Ch  8  m 

Ch  OH.  m 

3T 

38 

Ch  0  Lo  in 

Ch  t  in 

4T 

4| 

Ch  9  m 

Ch  1  m.  in 

4T 

48 

Ch  1  Lo  in 

Cn  2  m 

ST 

SB 

Ch  10  m 

Ch  2  H,  In 

ST 

SB 

Ch  2  Lo  *n 

Ch  3  m 

«T 

•B 

Ch  1 1  in 

Ch  3  Mi  in 

6T 

68 

Ch  3  Lo  in 

Ch  4  in 

7T 

78 

Ch  1  2  m 

Ch  4  Mi  m 

TT 

78 

Ch  4  Lo  in 

Ch  5  m 

IT 

88 

Ch  I3ln 

Ch  5  Mi  in 

8T 

AS 

Ch  S  Lo  In 

Ch  6  m 

ST 

98 

Ch  1  4  in 

Ch  6  M,  in 

9T 

98 

Ch  6  Lo  m 

Ch  7  in 

10T 

toe 

Ch  IS  in 

Ch  7  Hi  in 

10T 

108 

Ch  7  Lo  In 

Amplifier  in  Mt 

1ST 

til 

Amplifier  in  LO 

Amplifier  m  Mi 

1 1T 

lie 

Amplifier  In  Lo 

4a"ge  i  Select 

12T 

1  2B 

Range  2  Select 

Range  i  Se<ect 

12T 

’  28 

Range  2  Select 

Sample  Mold  Out 

13T 

t  38 

Amonlier  Out 

Sample  Moid  Out 

13T 

138 

Amplifier  Out 

E*m>i«  i  B >»x  '  -a  Out) 

14T 

’48 

Sum  June  iBipoia'  Off  1 

E-ao'*  -9-u  l-a  Outl 

1 4T 

14B 

Sum  June  (8iooia«  C1 

8‘Ooiar  Offset 

1ST 

198 

Eneoie  iBits  S  3  Ouit 

Bipolar  Offset 

1ST 

l  58 

£ n'able  'Bits  5  8  Out1 

Eai  0*fsei  Adivsi 

1 1T 

ns 

E»r  Ga*n  Ad|W*i 

E«t  Offset  Apiust 

16T 

168 

En  Gam  AtJiuSt 

6"i6ie  -B-**  9  1 2i 

ITT 

’  78 

Mm  f  nepie 

EraDi*  I B. 11  9.1  7  Guti 

1  7T 

178 

Mu*  Enable 

Serial  Oui 

1  IT 

tie 

Count  Enjoie 

Ser-ai  Out 

1  8T 

’80 

8  Oui 

1ST 

t  98 

8  m  Vi4, 

8  Out  ,, 

19T 

198 

4  Gw 

2  Out  ,  .t 

1  Oui 

20T 

21T 

22T 

208 

2’8 

228 

4  lo  • 

1  m 

4  Out 

r 

2  Out 

1  Oui  "** 

20T 
21 T 
22T 

208 

218 

228 

4  >  tdd'tti 

*in  "■ 

3e  Jv  Gui 

23T 

238 

MSB  Ou*  - TTli 

De'av  Out 

23T 

238 

MSB  0-5  t^l- 

vse  -  -ttl- 

24T 

248 

-  j*a  E  •'  »h>e 

MSB  in  .TTli 

24T 

248 

c"apm 

S  ••  ift* 

2ST 

258 

•-  ea»  E  rao>e  , 

Simp# 

2ST 

258 

-  ea»  c  nao-e 

a  0  T-  xr 

?8T 

268 

C-oc»  Oui 

A  0  Tr.^^e* 

26T 

26B 

C  '.xi*  Out 

4  0'-  jgef 

27T 

278 

f  iStaruSi  i 

4  0  *r.qq?r 

2  TT 

278 

S*"or*  C  ice 

28T 

211 

vsaOut.r^Li  i 

Snon  C.ce 

28T 

288 

*71? Out  iTTli 

»-•  •  o-«*  vse 

2  9T 

298 

s  i ;  Out* 

8-i  1  Cut*  VSB’ 

29T 

298 

b  ' :  Out* 

a  .  1  Out* 

30t 

308 

B  1  4  Oui* 

8-  3  Out* 

30T 

308 

0  1  i  Out* 

a  -  Jut* 

3  1  T 

3  1  8 

»-•  «  Cut* 

9-t  S  Out* 

31 T 

3’B 

0  '  6  Out* 

a.«  *  '  .- ’ 

22T 

3  28 

3  ■  8  Out* 

8  ’  1 Guf 

32T 

328 

e  -  s  Our 

9  i  9  6*r 

3  3  T 

3JB 

a  •  to  Oui* 

9  !  9  Out’ 

33T 

338 

9  t  '0  Out* 

?  •  ■  Out’ 

34T 

3«8 

9-1  *2  Owl*  IS0| 

i  t  i  ’  Oui’ 

34T 

348 

Bit;  Owl*  -L  «  9  > 

_  j-ixi  Gm3 

iV 

358 

u-«  *X'  G-vj 

0  <j'tai  G  no 

3ST 

358 

Z  o  tai  Gnp 

-  *D" 

36T 

368 

•SvOC 

•SvOC 

38T 

368 

•5vDC 

•« 

S'»i*  c -• 

Out* 

--k.h 

i  a'*i#  Ci. 

a„-» 

C  does  not 

permit  fully  JegiiJp  jej>ro.ductionv 
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A4.2  Microcomputer 


S8C-80/10  SPECIFICATIONS 

DC  POWER  REQUIREMENTS 

The  DC  power  requirements  are  given  in  the  table  below. 


=  +5V  +  5-h 

o 

o 

ii 

4.0A  max. 

rcc 

=  2.9A 

=  +12V  +  5  i 

!dd 

0-40A  max. 

XDD 

=  140mA 

=  -5V  +  S£ 

tbb 

0:20A  max 

IBB 

a  2mA 

=  -12V  +  5%' 

taa  * 

0. 175  max. 

taa 

=»  1  75mA 

Notes 


=  t> 


The  values  assume  that  jfour  8708  PROM ' s  are 
present  and  that  ten  optional  220/330  SI  ter¬ 
mination  networks  being  driven  low 
have  been  installed  in  the  Parallel  1/0 
Interface. 


These  values  assume  that  the  8703  PROM's  and 
optional  termination  networks  are  ^ot  present. 

*  Present  system  includes  one  2708  EPROM  and  no  optional 
terminating;  therefore  the  power  requirement  would  be 
close  to  case  above. 


close  to  case  IS>  above. 

ENVIRONMENT 

Temperature  extremes  can  cause  instability,  or  result  in  permanent 
damage  to  the  circuits  on  the  module.  Ambient  temperature  must,  therefore, 
be  maintained  within  the  limits  of  0°  C  to  55°  C.  Exercise  caution  in 
locating  the  module,  giving  particular  attention  to  radiant  and  conducive 
sources  of  heat.  Remember  that  the  module  itself,  when  installed,  will 
contribute  some  heat  to  the  environment.  Maintain  an  adequate  clearance  to 
permit  the  convective  dissipation  of  heat  from  the  elements  on  the  carp. 

Relative  humidity  should  not  exceed  90%,  non-condensing. 


SPECIFICATIONS 


CONNECTORS 


MEMORY  ADDRESSING 
ROM/EPROM 

4K  of  6*  segments  stoning  si  *ny  jumoer-geiecubte  dsss  address  on  • 
AK  oyis  Boundary  Refer  to  paragraph  3M0  lot  tunher  delays. 

Not#:  Alt  EPROM/ROW  addresses  must  res ide  in  in«  range  0< 

0000M  to  7FFFH  or  80OOH  to  FFFFH- 

RAM 

aK.  8K.  or  t6K  segments  starting  at  any  jum©er*seieetabie  Dose  eddress 
pn  a  4K  ovt«  oownoary  C*T«m  aooresse*  are  disallowed  tor  mt  iOB'ii6 
modules.  Re*er  to  paragraph  2*9  tor  lu/tner  delays. 

Not# :  Bat*  «34rnm  700Qh  and  POOOH  not  i»ow«j  tor  SBC 

108  9am  addresses  SOOOh  — 1  7000*  end  OOOOm  “ 
FOOOh  not  allowed  tor  SBC  t  16. 


MEMORY  RESPONSE  TIME 


Memory 

Accen  (ns)  |  Cycle  Inti 

RAM 

5?5  mat*  |  675  maa* 

EPRQM/ROM 

4*55  mat  j  685  ma* 

'Mif^Oul  Refresh  Interruption 


I/O  AOORESStNG 


Port 

1 

’ 

: 

u— 

I 

• 

•  255 
No.  1 
Control 

1255 
No.  2 
Conliel 

USART 

Oeta 

USART 

Control 

Address 

X  4 

xS 

Lii. 

III 

X9  |XA 

X7 

« 

XC 

*D 

Not*.  X  i«  »«v  he*  a<9>t  attuned  bv  iw^W'  ir'Ki'O" 


I/O  TRANSFER  RATE 

P«r«ii«i  Read  or  Write  cvct*  tima  760  «t  ma« 
Sanai  (USART) 


Proouency  fkH*l 
(Jumper  Seleciabiel 

Beud  Rat#  IH*I  1 

Synchronous 

Atynchronoul 
(Program  Selectable! 

-  16 

-  64 

153  6 

9600 

3*00 

76  8 

—  — 

4800 

\700 

38  4 

38^00 

2400 

600 

19.2 

19200 

1200 

300 

9  6 

9600 

600 

150 

4  8 

4800 

300 

75 

6  98 

6980 

no 

SERIAL  COMMUNICATIONS  CHARACTERISTICS 
Synchronous 

5-8  b»i  characters 

internal  o»  •  a  tempi  cnaracter  synchronisation 
Automatic  Sync  intert. o« 

Asynchronous 

5-8  bit  characters 

Braaa  c*ar  acre's  generation 

1.  1*4.  or  2  *too  b«t» 

Fatsa  start  bit  detectors 

interrupts 

E.gm  interrupt  »eOuest  tines  may  originate  I'om  tne  Programma¬ 
ble  Pe' onera'  -tertace  '4  n«es>  the  uSART  (J  i.nest  o r  user 
soecitied  oev.ees  »*a  t"f  I/O  edge  connector  (2  t.nes)  or  fnte»vei 
Timer 


INTEBBu'T  BECISTEW  addresses 


inif'iupr  Mas*  Ayg.ste*  1 

X  1 

tn »yi  1  „ pt  Status  Reo-sie'  I 

xo  i 

Note  x  -s  e«v  n#*  fl.g-t  asvgned  by  ivmot»  selection 
Timer  interval 

t  003  ni  -0  t  V  when  1 10  Baud  Rate  <i  teiectec 
i  042  mi  *0  t\  *0'  a*1  o*ner  Baud  Rates 

interfaces 

0Mi  A"  »*gnaii  TTu  comoat. &«e 

Parai.y  i  O  An  %-gnj't  TT{,  tcwoii.Q't 

Ser-a-  -  O  RS232C 

interrupt  Recuetti  A’  TTl  rompjt.b*e 


Interlace 

’  No.  of~ 
Pins 

Centers 

(m.) 

Mating  Connectors 

Bus 

86 

0  156 

COC  VPBOIEOAOOAI 

PareHei  I/O 

50 

01 

3M  3415  000  or 

Ti  h 312125 

Serin  I/O 

26 

0.1 

3M  3462-000  or 

Ti  H312H3 

Au<  Power 

60 

0.1 

AMP  PE5  14559  or 

Ti  H33U30 

Nate :  Connector  ne«ymj  a  no  w»re-wreP  pet  length*  art  not  guaranteed 

to  conform  to  Intel  OEM  oacfcagng 
PHYSICAL  CHARACTERISTICS 

Width  I200.n  I30*8cm>  Deotn  0  50  m  11  27  cm! 
Heignt  6.75  m  II  7.1 5  cm)  we.gnt  14  ot  <397.3  gm) 

ILECTRICAl  CHARACTERISTICS' 

Average  OC  Current 

wNutMOw'  •RRliairNW1  •*«' 

yee  .  >fv  -h  igc  •  1  If*  I  U  — *  a*  *w  *00  •*  —•* 

VOO  '  •*>*  -qo  '  •*>  ~*  -*m  roo  •«  *00  •*•«•» 

Vaa  •  •»*  t*  'Norn.  3  “*  — * 

yAA  •  .I}V  -t%  |«4  •  U>A*M  IO*A«M  *0  —A  -V.I  kW  MM 

Notaa:  1  An  current  values  9<ven  here  metuoe  RAM  power 

2.  Does  not  include  oower  reouired  <or  ootionai  EPROM. 

I/O  drivers,  and  I/O  terminators. 

3  w.fh  four  8708  EPROMs  #no  e*gnt  220f)/330fl  inout 
terminators  installed,  an  terminator  inouit  i©w 

4.  With  four  Intel-  2716  EPROMs  and  e.gnt  220fl/330n 
Input  terminators  installed  aM  terminator  mpuU  low 

5.  RAM  cnips  and  RAM  control  logic  (oowered  vn  Agsit. 
»iry  Power  Bust. 

auxiliary  POWER 

An  Awa.tiary  Power  But  >f  o»ov.oed  to  at»ow  separate  power  i« 
RAM  fqr  systems  reQu.r.ng  battery  backup  of  re ad/wnre  mem- 
ory  Selection  of  tm*  RAM  Power  Bui  it  made  v.a 

lumpers  pn  tne  board 
MEMORY  PROTECT 

An  active-low  TTL  compatible  MEMORY  PROTECT  signal  ts 
brought  Out  on  me  Au*.i*ary  connector  which,  when  asserted. 
d>sab»es  Read/Write  access  to  RAM  memory  on  the  board  Thu 
•newt  it  prowded  tor  the  protection  ot  RAM  contents  ourmg 
System  power -down  seou«nces. 

line  drivers  AND  TERMINATORS 
I/O  Drivers 

The  iQMdwmg  »»ne  drivers  and  terminators  are  aM  compatible 
with  tne  I/O  driver  sockets  on  tne  SBC  104/108/1 16 


Driver 

1 

Characteristic  I  Current 

1  ImAI 

Driver 

Characteristic 

Smk  1 
Current  ! 
(mAI 

74  38 
7437 
7432 

74  26 

1  OC 
l 

Nl 

1  OC 

48 

4B 

16 

16 

7409 

7408 

7403 

7400 

NI.OC 

Nl 

I.OC 

1 

16 

16 

16 

16 

Note  1 

•nvertmg.  Nt 

•  non-inverting  OC  •  open  Cd  'eCtor 

Ports  1  ana  4  nave  25  mA  iotem  po<e  drivers  and  1 
nato's 

/ 0  Te»m.r»atprs 

Term.naio't  220^  330f)  d.v.aer  o»  1  ou<>  up 

kf)  term.- 

??0 

i 

“  J. 

uc 

— 

Bu*  O'  .*ers 

nciipn  • 

Character 

St‘C  1 

Sink  Current  • 

m  A  l 

Cita  j 

Commands  j 

T'-  State  i 

Tr.  State  , 

50 

25 

environmental 

Operating  Te-ioe-jiu'e  0  C  io  *55  C 
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A4.3  RMS  VOLTMETERS 


(a)  Boonton  .  . 

The“  Boon ton  has  "AUTORANGING"  capability;  i.e.,  it  automatically  selects 
correct  range  for  the  voltage  applied  to  the  input  connector  (within  the  voltage 
and  frequency  limits). 

Ranqe.  300 -V  to  300  mV;  +50  dBm  to  -70  dBm 

Bandwidth:  10  Hz  to  20  MHz;  10  Hz  to  100  kHz 

dBm  accuracy (range=  +50  -  -60  dBm)  :  (50  Hz  to  100  kHz)  -  .2  dB 

Stability*  115  V  ±  10%;  50  Hz  to  400  Hz;  2  min  warmup; 

0°  to  50°  C 

Response:  Crest  Factor  -6  at  full  scale;  Waveform  - 

complex  +  random 

RpsDonse  Time:  Fast  -  1  to  2  secs;  Slow  -  4  to  6  secs 


Response:  Lrest  i-actoi 

complex 

Response  Time:  Fast  -  1  to 

(b)  Analog  Devices  TRMS-to-DC  Converter  (442J) 
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A4.4  FLUKE  FREQUENCY  COUNTER 


OPERATING  RANGES 

Frequency: 

5  Hz  to  80  MHz 
Period: 

5  Hz  to  1  MHz  single  and  multiple  period  averages 
Totalize: 

1  count  to  999999  counts 

INPUT  CHARACTERISTICS 

Sensitivity; 

25  mV,  typically  15  mV  rms  sine  wave,  5  Hz  to 
80  MHz 

Frequency  and  totalize:  200  mV  P-P  pulse  ample 
tudc  with  minimum  pulse  width  of  20  nsec.  Duty 
cycle  >  1 0%. 

Period.  200  mV  P-P  puise  amplitude  with  minimum 
pulse  width  of  200  nsec.  Duty  cycle  >  10%. 

Impedance; 

1  Mfi  shunted  by  less  than  30  pf  for  signal  levels  <  500 
mV  decreasing  to  approx.  220K  shunted  Dv  less  than  40 
pf  for  levels  greater  than  500  mV. 

Filter: 

1  MHz  (3d3  point)  lowpass 
Attenuator: 

Decreases  sensu.vity  by  10 
Overload. 

250V  rms  5  Hz  to  1  kHz  decreasing  to  20V  at  80  MHz 

RESOLUTION 

Frequency: 

Four  manuaily  selected  gate  times  of: 

10ms  { 100  Hz  resolution) 

100ms  I  10  Hz  resolution) 

Is  <  \  Hz  resolution) 

10s  (  0.1  Hz  resolution) 

Autorange  position  will  automatically  seek  to  fill  all 

6  digits  but  will  not  select  a  gate  time  greater  than  1 
second  (1  Hz  resolution) 

Period: 

Manua'  selection  of  single  period  through  IQ3  periods 
averaged  ratios: 

1 0'*  single  per  od  1 100  ns  resolution) 

10'  periods  averaged  11 0  ns  resolution) 

10*  periods  averaged  11  rs  resolution) 

10'  periods  averaged  ( 100  ps  resolution) 

Autor.inge  position  v.ii  automatically  seek  to  fill  an 

*  d  n*ts  Auto»angmq  w»M  not  select  a  period  averaae 
c*  greater  man  10*  jveraaes. 

Totalizing: 

Accumulates  uu  tc  999999  counts  then  actuates  over- 

*  J.4  MKhCatOr 


TIME  BASE  CHARACTERISTICS 

Frequency:  10  MHz 

Stability: 

Agmg  Rate:  <  >5  X  10’*  month 
Short  Term:  <  *  5  X  10'*  over  1  second 
Temperature:  <*5  X  IQ’*  0s  C  to  5QSC 

<  ±2  X  10  *  (typical)  20X  to  30‘C 

Line  Variation: 

<♦1  X  10’7  for +.10%  variation  m  line  voltage 

GENERAL 

Display: 

6  digit  LED.  leading  zero  suppression 
Time  between  successive  measurements  <s  200  ms 
plus  measurement  time 
Annunciation: 

MHz,  kHz.  msec,  ns  overflow 
Automatic  Features: 

AUTORANGE: 

In  both  frequency  and  period  modes,  autoranging 
includes  a  unique  20%  hysteresis  m  its  switching 
thresholds,  to  eliminate  redundant  up  range/aown 
range  commands.  This  allows  measurements  to  be 
made  on  signals  containing  large  amounts  of  F.Vt 
and  PM. 

Hysteresis  memory  can  be  reset  by  depressing  the 
reset  button. 

AUTOREScT. 

A  new  measurement  sequence  is  started  every  time 
a  front  panel  button  is  activated 
Operating  Temp:  O'C  to  *50JC  (O^C  to  -*-40cC  for  01 
Battery  option  if  operated  from  line. 
StorageTemp:  -40"C  to  *60‘ C 
Power  Requirements: 

1  15.230  VAC  ±10%  •  100  VAC  available  •  50.  60. 

400  Hz  -  6.5  watts  ime  model  •  8  5  watts  battery  model 
Fuses:  — - — - - - 

1/4A  AC-line  version-’/,  A  slo-blo  battery  version 

DIMENSIONS 

Width:  8.55  mches  217.2  mm 

Height:  2  52  >nches  64.0  nm 

Depth:  10.65  mches  270  5  mm 

Weight:  2.75  !b$  1.2  Kg 

DATA  OUTPUT  OPTION 

3-4-2  1  BCD  output  from  eacn  <i;o  i.  plus  •'•coned  c-c  mai 

point  and  u  iitOnnunCAt'On  n*o*m.ition  All  OjtCutS 

CMOS  Low  Power  TTL  compatiu;e  nah  true  Pr  *t 

Command  -s  or0v>O€d 

BATTERY 

NlCAD  'ccnx.aejniy  d.scnva*  i  5  ‘oj^  :*•  j:ge  t 
14  hou'S  £  ''  30  C  ambient  .v  Jh  un.t  .nor*erat've 


A4.5  DIGITAL  CASSETTE  RECORDER 


DATA  FORMAT: 

Data  format  complies  with  ISQ-3407,  ECMA-34,  JIS-C628I  and  other  similar 
standards. 

Recording  Format:  Phase  Encoding 

Recording  Density:  800  bp i  (32  bits/mm,  nominal) 

Number  of  Tracks:  Single  Track 

MECHANICAL  CONSTRUCTION: 


Tape  Drive  System: 


D.C.  Motor  Direct  Reel  Drive  System 


Taon  .peed  Detection  System:  Encoder  Detection 


Cassette  Insertion: 
Cassette  Eject  .'echanism: 
80T/E0T  6  Clear  Leader 
Detector: 

Magnetic  Head: 


Pocket  Holder  type 

Manual  Ejection  by  depressing  EJECT  Button 

Photoelectric  Detector 

Single  Track,  Single  Gap  Read/Write  Head 


POWER  REQUIREMENTS: 


Average  Current 
Co isump t i on 


Maximum  Current 
Consumot i on 


Permanent  Ripple 
Vol taoe _ 


Less  than  IOOmVp-o 


Except  for  surge  current  at  power-on. 


GR0UN0  ISOLATION: 

Insulation  resistance  between 
0V  power  supply  and  frame 
ground 


5  Meg  Ohms  or  more,  at  150V  D.C. 


ENVIRONMENTAL  CONDITIONS: 

Temperature  range  operating  +5°C  -  ^O0  C;  storage  -15°C  to  +60°  C 
Relative  Humidity  Range  (non-condensing):  operating  20%  to  80%; 

storage  10%  to  90% 

Vibration  (operating) :  Less  than  0.5G  (less  than  120  Hz) 

Impact:  Less  than  L0G(less  than  30  msec) 

Continuous:  Less  than  jG 


OPERATIONAL  CHARACTERISTICS: 
Tape  Speed  (Slow): 

(Fast) : 

IBG: 

Erased  Length 
Initial  Gap : 

Readable  IBG  Length 
Required  tape  length  for 
Long  IBG  detection 


Start  distance  for  HIGH  SPEED  SEARCH:  2. A  inch  (60.96 


15  i  sp  (38.1  cm/s )  +  3% 

45  I  ps  ( I  I  A.  3  cm/s)  *_  4% 

0.97  ♦  0.24  inch  (24.64  +  6.10  mm) 
2.19  0.27  inch  (55.63  +  6.86  mm) 

2.26  +  0,40  inch  (57.60  +  10.16  mm) 
0.7  inch  (17.78  mm)  or  more 

15.0  -  22.2  inch  (381.0  -  563.9  rnm) 


or  less 


Stop  distance  for  HIGH  SPEED 
SEARCH: 

Nominal  Data  Transfer  Rate: 
Recording  Density 
Threshold  Level  (at  reference 
read  leve I )  (LOW) : 


1.9  inch  ia8.26  mm)  or  less 
12  k  Pi ts/sec 
800  bpi  +4 
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A4.6  POCKET  ASCII  TERMINAL 


Spec i f i cat  ion 


Memory: 

Characters  simultaneously  displayed: 
Character  set  displayable: 

Format  ion : 

Number  of  keys: 

Transmi ttable  codes: 

Code  transmitted: 

Compat ibi 1 ity: 

Size: 

We  i ght : 

Power  supply: 


last  30  characters  received 
8  (7  at  left  home  and  right  home  positions) 
64  ASCII  characters  and  symbols 
16  segment  "starburst" 

40 

128 

8-bit  ASCII  (framed  by  1  start  bit,  1  or  2 
stop  bits) 

RS232  standard  (20  mA  loop  to  order) 

6  in  x  3  in  x  1.4  in 
0.5  1b 

5  V  single  rail  at  400  mA  typical 


\  : 
t . 
t  - 
f 


f-.  -  - 

le 


Full  Performance/Low  Cost^ 

M DIGITAL  panel  INSTRUMENTS 

S£g2s3&aa»iss2a£3S2  v*«-a-- -.--ov. 


Rtjr  View  —  Bezel 
Not  Shown  for 
Clarity 

A  Standard 
Card-Edge 
Connector 
(Sotderabiel 

Analogic  Pan  No.s 
15-300004P  (For  plastic  easel 
15-300004m  (For  metal  case) 


= 


ji 


A - 


'  ’* 
■  s 


B  Optional 

Screw-Terminal 
Connector 
(Soideriessl 


utzjom 


tOr. as 


Analogic  Part  No. 
PL-10-5535 


I  0 . 

-JL-lo  222^”  = 

F-'  aacnoaaa 


e  a  3  e  e  o 
0303399 


i 


L  0  42 


MO  )mml 


0  25” 

<6  4mm I 


JI  PIN  DESIGNATIONS 


Ratio  Input 

A 

1 

Signal  IN  (+|* 

Analog  Ground= 

B 

2 

Signal  Return  (—  )** 

Decimal  Point  1 

C 

3 

Decimal  Point  2 

Decimal  Point  3 

0 

4 

EOC/HOLD 

BCD  (2)* 

E 

6 

BCD  <1>* 

BCD  (8)* 

F 

6 

BCD  (4)* 

8CD  (20)* 

H 

7 

BCD  U0>* 

BCD  (80)* 

J 

8 

BCD  1401* 

BCD  (2001* 

K 

9 

BCD  (1001* 

BCD  (800)* 

L 

10 

BCD  (400)* 

PRINT* 

M 

11 

DISPLAY  TEST 

JK/OVERRANGE 

N 

12 

BCD  (1000)* 

— 5.1  VDC  Output 

P 

13 

POLARITY* 

Dignal  Ground* 

R 

14 

+5V* 

AC  Power  IN* 

S 

15 

AC  Power  or 
♦8  to  +28VDC  IN* 

f.  Rear  Panel  Connectors 


•ia*  connector  ji 
l»LOyA»Ll) 


•CO  0*T»0* 

Shown 

INS1ALLE0 


T POWER  CONNECTIONS 
♦5VDC 


♦8  to  +28VDC 

110VAC 
220V  AC 


Pm  14  for  +5VDC. 

Pin  R  for  Power  Return 
Pin  15  for  +8  to  +28VDC. 
Pin  R  for  Power  Return 
Pins  S  and  15 
Pins  S  and  1 5 


■■fC'S'ON 

0*l'C*l. 

UnS 


DECIMAL  POINT 
SELECTION 


OOO' 


To  dcsDiav  the  oesired 
decimal  point,  stmoiy 
connect  the  apprODr*- 
ate  Dm  as  shown  to 
0'9'tai  Grouno  (P«n  R, 
J15  usme  a  iumoe'  lead. 


»uu  se*u  ADJUST 


W: 
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A5  RF  MODULE 


A5.1  MECHANICAL  SWITCHES 

Microwave  Associates  •  Model  7530  PMO 

Isolation  dBs 

VSWR 

Frequency  (GH2) 

Insertion  Loss  (dBs) 

4.0 

0.2 

80 

1.20 

8.0 

0.3 

70  ‘ 

1.25 

12.4 

0.4 

65 

1.4 

18.0 

0.5 

60 

1.5 

Operating  voltage: 

20  to  30  V0C;  Pull-in  »  20  V; 

Drop-out  »  2  V 

Coil  resistance: 

158  to  192  ohms 

Hewlett  Packard  - 

Model  =13331  '  B 

Frequency  (GHz) 

Insertion  Loss  (d8s) 

Isolation  dBs 

VSWR 

OC-2 

0.25 

90 

1.15 

2-18 

0.5 

90 

1.4 

Operating  voltage: 

:  20  to  30  V 

Switching  current: 

120  mA  at  24  V 

A5.2  MIXERS 


RHG  Model  0MI-I8B;  Serial 

Frequency  (GH2) 

=16-661-1 

Noise  Fioure  (d 3 ) 

Lo  to  PE  Isolation  (dB) 

1 

9 

'  20 

12 

10 

’  20 

18 

10 

>  20 

WJ  Model  WJ-M  14 

Frequency : 

4  to  8  GH2 

SSB  Conversion  Loss: 

8.0  dB  max 

SSB  Noise  Figure: 

8.0  dB  max 

1 solat ion : 

>  20  dB 

Insertion  Loss: 

2  dB 

Western  Microwave 

AS.  3  CIRCULATORS 

Model  3 JC-eo 19 

Model  3JC-A08I 

Frequency  Range  (GHz ) : 

8-18 

4-8 

Insert  ion  Loss  (dB) : 

<  .8 

<  .4 

Isolation  (dB) : 

>  15 

>  21 

VSWR 

<  1.6 

<  1.2 

A5.4 

NARDA 

directional  couplers 

Model  4 2 M» 

Model  L2*»6 

Frequency  Range  (GHz) : 

2-8 

6.5-18 

Couo ling: 

10 

.  6 

0 i rec t i v i ty  (dB) : 

18 

17 

VSWR: 

1.4 

1 .40 

Insertion  Loss: 

1.00 

0.8 

Western  Microwave 

A5.5  ISOLATORS 

Model  2JC-40I 

Model  2 J C - 8 1  8 

Insertion  Loss  (dB) : 

.4 

.3 

1 solat ion  (dB) : 

23 

1.3 

VSWR : 

1.25 

1  . 4 
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A5.6  RF  OSCILLATORS:  OPERATING  INSTRUCTIONS  AND  SPECIFICATIONS 


Instal lat ion 

Bias  voltage  should  be  within  ±  0.2  volts  of  the  correct  value  to  obtain 
specified  operation.  At  2  or  3  volts  above  the  correct  value  the  Zener 
diode,  placed  in  the  bias  circuit  to  provide  protection,  will  begin  to  draw 
excess  current. 

CAUTI ON:  If  the  bias  current  exceeds  the  maximum  bias  current  shown  on  the 

data  sheet  by  as  much  as  50  mi  1 1 i amperes ,  the  protective  Zener  will 
be  endangered.  For  GaAs  oscillators,  a  current  peak  up  to  200  mA 
higher  than  the  value  recorded  on  the  data  sheet  may  be  observed 
at  low  (-2  to  -4V  dc)  negative  bias  levels,  however. 

If  excess  current  is  drawn,  check  for  high  bias  voltage  or  reversed 
bias  polarity. 

Heaters 

Heaters  are  often  included  in  the  oscillator  to  minimize  such  temperature 
effects  as  frequency  drift  and  power  output  variation.  These  heaters  are 
self-regulating  and  may  be  operated  from  an  unregulated  voltage  within  the 
range  of  22  to  30  volts.  Transients  of  up  to  80  volts  in  accordance  with 
Figure  6  of  M I L-STD-704-A  will  not  normally  damage  the  heater. 


Mount i nc 


The  oscillator  may  be  mounted  in  any  orientation.  The  unit  (particularly 
units  that  tune  above  4  GHz)  should  be  mounted  to  a  smooth  heat  sink  capable 
of  dissipating  up  to  10  watts  without  raising  the  temperature  at  the  base  of 
the  unit  adjacent  to  the  heat  sink  above  the  specified  operating  temperature 
range.  (Use  of  heat  sink  compound  (e.g.,  Dow  Corning  340)  is  recommended  on 
mounting  surface). 


Y I G-TUNED  GaAs  OSCILLATOR 


Type  No.:  5157-3000  Serial  No.:  1027  (ER) 


Operat i ng 

Cond i t i ons : 

Heati 

er  Vol tage: 

+28.0  Vdc 

Current : 

180  mA  at  -54°  C 

B  i  as 

Vol tage: 

±18.00  Vdc 

Current : 

1050/500  mA 

Test 

Data 

: 

Tun i ng 

Calculi 

Jted 

Vdc 

Frequency 

A  Frequency  (MHz 

)  Power  Outpu 

(GHz) 

+25°  C 

+25°  C 

0 

8.00 

0 

30 

1 

9.00 

-10 

58 

2 

10.00 

-13 

62 

3 

11.00 

-10 

68 

4 

12.00 

-  6 

64 

5 

13.00 

-  3 

46 

6 

14.00 

-  2 

49 

7 

15.00 

+  1 

41 

8 

16.00 

+  2 

29 

9 

17.00 

+  1 

21 

10 

18.00 

-3 

19 

Hys  teres  is:  I  1  MHz 


YIG-TUNED  GaAs  OSCILLATOR 


Type  No:  51 57“300  OF 


Serial  No:  1092 


Operating  Conditions: 
Heater  Voltage: 
Bias  Voltage: 


+28.0  Vdc 
+18.00  Vdc 


Current:  170  mA 
Current:  500  mA 


Test  Data: 


Tuning 

Vdc 

0 


Calculated 

Frequency 

(GHz) 

A  Frequency  (MHz) 
+25°  C 

Power  Output 
+25°  C 

8.00 

0 

24.0 

9.00 

+  1 

38.0 

10.00 

+  9 

38.0 

11.00 

+  7 

54.0 

12.00 

+  9 

54.0 

13.00 

+13 

44.0 

14.00 

+  9 

48.0 

15.00 

+16 

35.0 

16.00 

+10 

31 .0 

17.00 

+  5 

28.0 

18.00 

0 

19.0 

(mw) 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Hysteresis:  8.0  MHz 
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AT  -54.0  DEGREES  CENTIGRADE 
AT  25.0  DEGREES  CENTIGRADE 
AT  71,0  DEGREES  CENTIGRADE 


<3  -  AT  -54.0  DEGREES  CENTIGRADE 

a  .  AT  25.0  DEGREES  CENTIGRADE 

♦  .  AT  71.0  DEGREES  CENTIGRADE 


POWER  OUTPUT.  TIG-OSCILLATOR  MODEI.i  5157-3000 
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YIG-TUNED  TRANSISTOR  OSCILLATOR 

Type  No. : 

6708-304F 

Serial  No. :  1094 

(Catalog  Item) 

Operating 

Condi tions: 

Heater  Voltage: 

28  Vdc 

Current : 

26  mA 

Transistor  Voltage: 

+15  Vdc; 

-15  Vdc  Current: 

643  mA;  44  mA 

Tun i ng 

Calculated 

Vol tage 

Freguency 

Frequency  Deviation  (MHz) 

Power  Output 

(V) 

(GHz) 

25°  C 

25°  C 

0 

2.0 

0 

35 

1 

2.6 

-  .8 

53 

2 

3.2 

-  .3 

46 

3 

3.8 

+  1.4 

60 

4 

4.4 

+2.1 

73 

5 

5.0 

+4.8 

40 

6 

5.6 

+7.2 

55 

7 

6.2 

+7.1 

54 

8 

6.8 

+9.0 

50 

9 

7.4 

+9.5 

54 

10 

8.0 

-  .2 

65 

Drift:  7.7  MHz  (max)  Hysteresis:  8  MHz 
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Parabolic  Dish  Center  Feed  I  8" 

Manufacturer  Cost 

Watkins-Johnson  $2,675.00  WJ8572-U 


CP  INC  Number 
1122 


This  Is  a  dual-ridge  I i near-po I ar i zed- feed  antenna. 


Frequency  (GHz): 

Polarization: 

Beamwidth* 

Type : 

Output  flange: 

* Antenna  patterns  and  other  mi 


3-18.00 

1 i near 

suitable  for  reflector  feed 
dual-ridge  horn 

WRD  750;  radome  cover  included 
»| laneous  details  are  included  in 


the  Appendix 


Parabol ic  Di sh 

Center  Feed  12" 

Antenna 

Manufacturer 

Cost 

Mode  I 

CRINC  Number 

Watkins-Johnson 

$2875.00 

WJ8572-I2 

1123 

The  feed  for  this  antenn.  is  the  same  as  the  18"  dish.  The  only  difference 
is  that  the  diameter  of  the  reflector  is  12.0". 


A7  radar  altimeter 


Manufacturer _ Model  Serial  Numoer 

Sonzer  Mini-Mark  M0837 


Altitude  range: 
Output  voltage: 
Power  requirement: 


80  to  1000  (ft) 
80  mV  to  I  (V) 
t  U  V  DC 


WIRING  DIAGRAM 


#!n  order  to  comolv  with  FCC  transmitter  rules,  paragraph  87.75  (c)  (2), 
a  MIMl-MARK  “Or^-CFF*  switch  available  to  the  aircraft  operator  must 
be  provided. 

Hiring  diagram  for  radar  a'timeter. 
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PPDT  <.« n'i  chi 


Manual 

FM 


Track  FM 


(S?DT) 


to  Triangle  board  (pin  #10) 

->  from  Tracker  output  (pin  1)17) 


+  15V 


7j)  Manual  FM  Adjust 


3  I  Track  FM  Adjust 


to  Tracker  Reset  (pin  #10) 


Figure  B3.5:  Manual-Track  FM  Control.  Controls  on  front  panel  of 

FM/ I F  module. 


>  to  Triangle  board  (pin  #11),^, 

>  to  Triangle  board  (pin  #12), 

to  Triangle  board  (pin  #22)  ;  ^  -  Crimen 

to  Triangle  board  (pin  #21)  , 


Radar 


Spectrum 

Analyzer 


(3-^5  i  i',oq  5 1  r de.  Swi-tdi ") 


Figure  83. 6:  RF  Sweep  Width  Control.  (Same  as  above). 


t 


SW1  Control  SW2  Control  i  SW3  Control  L-band  Control 

•  £w4 


R.  $ 


Backpanel 
Connector 
Pin  Numbers 


Posiwio.i  1;  Delay  Line 
2;  VV 
3 ;  HH 
4;  VH 


Figure  B3 . 7 i  Radar  Mode  Select  Rotary  Switch 


Ground 

Ku-X-Band,  Output 


1  Signal  Input  from  AGC  section 

2  +  l8  V 


7  Signal  feedback  to  AGC  section 

8  NC 


Control  voltage 


To  frequency  counter 


10  Reset  voltage  from  track  FM  adjust  pot. 

11  NC 

12  *  NC 

13  NC 

\k  NC 

15  Reset  push  button 

16  Reset  PUsh  button 

17  Tracker  output  voltage,  to  man-track  switch 

18  NC 

19  Test  point,  di scr iminator  output 


C  triangle  output 


Input  to  OP/ amp 


Figure  83. 8a:  Edge  Connector 
Wiring,  FM  Board 


21  Test  point,  input  to  di scriminator  section 

22  -15  V  to  AGC  section 


Figure  B3.8b:  Edge  Connector  Wiring 
Tracker  Board 


B4:  OATA  ACQUISITION  MODULE 

ft/D  BOf)Rb  UUFi  I 


I  3  3  4  S  i  * 


,  «**  I  *a**n*  2  i  3 

M  *  5 

fiHfWOVOt.  *  «'**' 

Figure  BA. la : 

Data  Acquisition  Module 

s  -!3C.  '  C>s 

heter  hodule  back  panel  toggle  switch 


Figure  BU.3:  Back  Panel  Toggle  Switch 


gure  B**.7b:  A/0  Converter  Layout 


l.r.et  W'-W 


Stroi»*i  Afo  moiute 
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Af3  0u*p</T 


lo«*j  5  k;fs 
A  /  3  I»a»  v  1  <  OJTr-J-f 


C«*»p  Se'fcfr 
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Figure  B4.7c:  A/D  Converter  Device  Select 


pin  '* 


Sl^n^I 


10 
12  - 
14  * 
16  - 
18  - 
20 
22  • 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
46 


•  A/D  device  select  strobe 


-  A/0  device  select  address  line  'C 


-  Oscillator  control  bit  3 


Kluee  data  bit 


50 


Figure  84. 7d:  A/0  Board  Edge  Connector  1 K1 ' 
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Figure  B 4 . 1 1 :  Fluke  Interface  Cable 
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TABLE  B8 


System  Control  Siqnal  Cables 

Cable  Name 

Description 

Connector  Description 

+28  VDC  IN 

Aircraft  source  to  INV/ACT  Mod. 

2p i n-Amp 

Actuator 

Actuator  to  INV/ACT  Mod. 

2p i n-Amp 

Actuator  Control 

Remote  switch  to  INV/ACT  Mod. 

3pin-Audio 

115  VAC 

Source  located  at  INV/ACT  Mod. 
Required  by  PS,  IF/FM,  and  DA  Mods. 

AC 

DC  Power 

Links  to  +28  VDC  at  INV/ACT  Mod. 
to  PS,  IF/FM,  and  DA  Mods. 

3p i n-Aud i o 

I4pi n-Amp 

RF 

IF/FM  Mod  to  RF  Mod. 

28p i n-Amp 

IF  IN 

IF/FM  Mod.  to  RF  Mod. 

BNC 

IF  OUT 

RF  Mod.  to  50ft  Term,  at  DA  Mod. 
(Boonton) 

BNC 

FM 

IF/FM  Mod.  to  DA  Mod.  (Fluke) 

BNC 

RMS 

At  OA  Mod.  Links  RMS  to  Boonton 

BNC 

Altimeter 

DA  Mod.  to  Altimeter 

3pin-Aud io 

tO  X  to  TO  THE  INCH  «•'  *  '0  INCHES  |T>  AfL  A  7OO 

KEUMCL  *  CSbfcft  C*'  v,  -  .4-  • 


10  X  10  TO  IMF  I  NCI  I  •  I  X  io  IIJCIHU 
MUM  fl  tfc  I  SM  H  l  l>  w»«it  tH  tt\  * 


APPENDIX  D 
FM  BOARD  CALIBRATION 


Calibration  procedure  for  triangle  wave  generator: 

1.  Disconnect  the  power  cable  to  the  RF  box  and  then  apply  power. 

2.  Connect  a  scope  between  either  Tj  or  T2  and  ground  pins  on  the  board. 

3.  Set  the  frequency  of  the  triangle  wave  to  600  Hz  (using  MAN  FM)  and  adjust 
for  symmetry  using  P2. 

4.  Set  the  frequency  at  100  Hz  and  adjust  for  low  frequency  symmetry  using  P3. 

5.  Connect  AC  voltmeter  between  either  Tj  or  T2  and  ground  pins  and  set  the 
amplitude  (sweep  width)  of  the  triangle  wave  as  listed  in  table  using  P4  and 
P7  for  Ku-X-  and  C-band,  respectively. 

6.  Connect  a  DC  voltmeter  and  adjust  the  DC  offset  and  step  size  using  potentio¬ 
meters  as  follows: 


PS 

step  size  for  Ku-X-band 

P6 

DC  offset  for  Ku-X-band 

P8 

step  size  for  C-band 

P9 

DC  offset  for  C-band 

Note:  PI 

maximum  frequency  of  oscillation 

PIO 

sets  the  maximum  current  into  DAC 

Ku-X-Band 

C-Band 

Triangle  wave 

amplitude  215  mV  rms 

354  mV  rms 

DC  offset 

0.6  V (DC) 

4.0  V (DC) 

FREQ  step  voltage  1.0  V(DC) 

0.67  V (DC) 

APPENDIX  E 

FAST  RMS  DETECTOR  CALIBRATION 


Do  the  following  adjustments  before  mountin 


cage.  iSee  Figure  B4. 4b; 


the  TRMS  module  in  the  microprocessor 


1.  Connect  DC  voltmeter  to  Channel  1. 

2.  Apply  ±  15  V  from  the  HP  power  supply  before  turning  on  the  instruments  and 
wait  for  5  minutes. 

3.  Connect  the  TRMS  input  to  ground  and  adjust  R5  to  get  a  minimum  reading  on 
the  voltmeter,  preferably  zero. 

A.  Connect  the  DC  voltmeter  to  Channel  2  and  adjust  R] ]  to  get  a  zero  volt 
i nd i cat  ion. 

5.  Apply  10  mV,  1  kHz  sine  wave  to  the  input  and  adjust  Rfc  so  that  Channel  1 
output  is  2130  mV  ±  5  mV. 

6.  Increase  the  input  to  50  mV  and  adjust  the  R 1 2  so  that  Channel  2  output  is 
165  ±  3  mV. 

7.  After  above  calibration  is  done,  install  the  module  in  the  cage  and  connect 
the  output  connector  to  the  A/D  circuit  board. 


Do  not  connect  the  power  supply  ground  to  the  signal  ground.  Connect  the  ground 
of  signal  cable  to  ground  pin  on  the  board  marked  as  G. 
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APPENDIX  F 
RANGE  TRACKER 


F. I  System  Concept 

The  range  tracker  was  designed  to  interface  with  an  FM-CW  radar  system,  to 
allow  the  system  to  follow  a  rapidly  moving  target.  As  a  result,  the  centroid  of 
the  return  spectrum  is  kept  at  the  same  frequency,  which  facilitates  data  analysis, 
and  the  distance  to  the  target  can  be  determined  in  real  time.  The  system  block 
diagram  is  shown  in  Figure  F.l.  The  frequency  of  the  IF  signal  centroid  is  directly 
proportional  to  both  the  sweep  rate  and  the  time  delay  from  the  RF  oscillator  to 
the  RF  mixer,  i.e.,  fJ(r  a  ffM  •  Tdglay.  If  the  sweep  rate  is  constantly  adjusted 
so  that  the  IF  remains  constant,  then  f-M  a  •=—  j —  .  Thus,  the  distance  to  the 
target  can  be  determined  by  measuring  the  frequency  (sweep  rate)  and  taking  into 
account  the  delay  associated  with  the  antenna  and  feed  lines.  It  is  the  range 
tracker's  job  to  detect  the  frequency  centroid  of  the  IF  signal,  and  keep  it  at 
the  desired  point  by  varying  the  sweep  rate. 


AUTOMATIC 
GAIN  CONTROL 


INTEGRATE 
AND  VCO 
INTERFACE 


TO 

VCO 


Figure  F.l:  System  Block  Diagram 


F.2  Operation 

The  range  tracker  consists  of  three  basic  sections,  shown  in  Figure  F.l.  The 
power  return  varies  inversely  with  the  square  of  the  distance  (for  beam-limited  con¬ 
ditions)  and  the  target  reflectivities  also  vary  greatly,  so  that  a  very  wide  range 
of  IF  voltage  can  be  anticipated.  This  would  adversely  affect  the  discriminator 
performance,  so  an  automatic-gain-control  circuit  is  provided.  It  has  a  60  dB  linear 
dynamic  range,  and  it  provides  soft  clipping  for  higher  signal  levels.  The  discrim¬ 
inator  is  a  f requency-to-vol tage  converter,  which  outputs  a  positive  DC  voltage  at 
low  frequencies  and  a  negative  DC  voltage  at  frequencies  above  the  center  frequency. 
The  transfer  characteristic  for  a  sine  wave  input  is  shown  in  Figure  F.2. 

The  discriminator  voltage  is  fed  to  the  integrator.  When  the  IF  frequency 
centroid  is  at  its  correct  value,  the  discriminator  output  is  zero,  the  integrator 
voltage  does  not  change,  and  the  VCO  remains  at  the  same  frequency.  If  the  IF 
centroid  drifts  too  high,  the  discriminator  produces  a  negative  voltage,  the 
integrator  drifts  to  a  more  positive  voltage,  the  VCO  frequency  is  reduced,  which 
lowers  the  IF  centroid  to  the  proper  value.  The  reverse  happens  if  the  centroid 


Figure  F.2  Discriminator  Characteristic 


drifts  too  low.  Circuitry  is  provided  so  that  the  integrator  can  be  preset  to 
any  desired  value  by  pushing  a  button.  Thus,  the  distance  to  the  target  can  be 
estimated,  and  then  a  preset  is  performed  to  bring  the  centroid  into  the  capture 
range  of  the  system.  A  linear  mapping  circuit  is  provided,  which  transforms  the 
integrator's  output  voltage  swing  into  the  range  required  by  the  VCO. 


F.3  Automatic  Gain  Control 

The  AGC  circuit  uses  a  CA3080  OTA  (operational  transconductance  amplifier) 


as  the  variable  gain  block.  This  chip  has  a  differential  input  and  a  very  high 

output  impedance  (i.e.,  current  source).  The  transconductance  (-777—  )  is  directly 

AV|N 

proportional  to  the  current  flowing  into  the  control  terminal,  and  is  given  by 


gm(mho)  =  20  I  CONTROL (u/\) •  (t  's  a  two-quadrant  multiplier,  that  is,  the  trans¬ 
conductance  is  always  positive.  The  control  input  has  a  constant  potential  of 
one  diode-drop  above  the  V-supply.  A  1000:1  gain  ratio  is  easily  obtained. 

The  transfer  characteristic  of  the  3080  is  simply  that  of  a  transistor  differ 
ential  amplifier,  and  reasonable  linearity  can  be  maintained  up  to  a  peak  input 
of  50  mV.  Because  it  deals  with  extremely  small  voltages,  the  gain  control  stage 
is  enclosed  in  a  metal  box. 
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The  full  schematic  is  given  in  Figure  F.3.  Rj  attenuates  the  input  signal 
to  a  level  not  to  saturate  the  output.  The  current  source  output  of  1C  1  is  con¬ 
verted  to  a  low- impedance  voltage  source  by  1C  2.  DC  is  removed  by  CIO.  1C  3  pro¬ 
vides  additional  voltage  gain.  Vi i t h  a  sine  wave  input,  !C  3  output  is  3*5  V  . 
Rectification  of  the  output  is  provided  by  Cl  1  *  and  D1  and  ripple  is  filtered  by 
R18  and  C12.  A  reference  voltage  is  provided  by  R23  and  R24,  and  voltage  at  in¬ 
verted  input  terminal  of  1C  4  is  -0.65  V  at  steady  state.  Switch  Sj  changes  the 
integrating  time  constant  which  determines  the  AGC  range.  Overall  operation  is 
as  follows.  If  the  input  signal  increases,  the  voltage  at  R 1 9  becomes  more  negative 
and  the  integrator  (1C  4)  output  then  drifts  more  positive.  The  base  voltage  of 
Q1  decreases,  causing  lower  current  to  1C  1. 

F.4  Pi scriminator 

The  discriminator  consists  of  two  second-order  bandpass  filters  and  a  summer, 
as  shown  in  Figure  F.4.  The  summer  includes  a  one-pole  ripple  filter.  The  fre¬ 
quency  response  of  the  two  filters,  plus  the  overall  f requency-to-DC  response, 
is  plotted  in  Figure  F.2. 


Figure  F.3:  AGC  Circuit 


Figure  F.4:  Discriminator  Block  Diagram 

To  adjust  the  discriminator  (see  Figure  F.5),  connect  a  signal  generator  to 
the  input  (pin  21  when  testing  outside  the  system  or  IF  input  port  at  the  back 
panel  of  the  FM/IF  module)  and  a  DC  voltmeter  to  the  output.  Locate  the  low-fre¬ 
quency  peak,  and  adjust  R33  until  it  is  at  44  kHz.  Then  locate  the  high-frequency 
peak,  and  adjust  R30  until  it  is  at  56  kHz.  Then  adjust  R40  for  zero  output  at 
50  kHz.  The  above  three  steps  should  be  repeated  until  no  further  improvement  can 
be  obtained.  If  there  is  a  need  for  external  f requency-to-vol tage  converter,  or  a 
phase-detecting  circuit,  jumpers  J1  and  J2  can  be  removed  and  then  the  external  cir¬ 
cuit  can  be  connected  to  edge  connector  pin  19  and  pin  21. 


Figure  F.5:  Discriminator  Circuit  Diagram 
F.5  Integrator,  Preset  and  Mapping 

The  schematic  is  given  in  Figure  F.6.  The  basic  integrator  is  formed  by  IC9, 
C 1 9  and  the  feedback  network  through  the  switches  S2  and  S3.  Integrator  preset 
is  provided  by  ICIO,  which  compares  the  voltage  set  by  an  external  resistor  with 
the  integrator  output.  When  reset  push  button  on  the  front  panel  of  the  control 
box  is  depressed,  the  analog  switch  ( I C 1 2 )  is  'ON',  and  the  error  signal  is  fed 
back  to  the  integrator  input,  and  forces  the  output  to  the  desired  value.  The 
output  voltage  range  of  the  integrator  (0  to  +13  V)  is  mapped  to  the  voltage 
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Component  values  can  be  found 
in  Table  F.2 


Figure  F.6:  Integrator  and  Mapping  Circuit 

required  by  the  VCO  (+5  to  +15  V)  by  IC11.  Supply  voltage  of  +18  V  is  required 
by  IC11  so  that  it  can  drive  up  to  +15  volts.  R77  is  provided  to  set  the  low 
frequency  limit  (upper  voltage  limit).  Feedback  through  switch  S2,  S3  compensates 
for  signal-dependent  time  constant  variation.  S2  selects  the  time  constants 
(1»  3-3,  10. 1  sec)  and  S3  selects  minimum  to  maximum  frequency  ratio  (1/5,  1/10, 
1/20).  In  the  system,  R77  should  be  adjusted  until  the  lowest  possible  PRF  forms 
the  selected  (by  S3)  ratio  with  the  highest  frequency.  If  no  compensation  is 
desired,  the  node  of  C20,  R51,  R52  can  be  connected  to  +15  V. 

P.6  Test  Procedures 

The  testing  diagram  is  shown  in  Figure  F.7. 
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figure  F.7:  Testing  Diagram 


F.6.1  AGC  Section 


I 


i 

i 


a 


< 


4 


This  section,  which  is  partly  in  a  shielded  box  and  partly  in  the  range- 
tracker  board  can  be  tested  by  applying  sine  wave  (50  kHz)  to  the  IF  input  ter¬ 
minal  of  the  AGC  box  and  checking  the  output  waveform  at  pin  21  of  the  tracker 
board.  When  changing  the  input  signal  level  from  15  mV^  to  5  V  ,  the  output 
level  should  always  be  3  V  at  switch  SI  upper  position.  Low  level  signals 
distort  the  output  waveform,  but  it  should  contain  strong  input  signal  frequency 
component. 


F.6.2  Discriminator  Section 

This  section  can  be  tested  by  applying  the  sine  wave  either  to  the  IF  input 
of  the  AGC  box  or  to  pin  19  of  the  range-tracker  board  when  AGC  box  is  disconnected. 
When  changing  the  input  signal  frequency  from  30  kHz  to  70  kHz,  the  DC  output 
voltage  at  pin  19  should  have  the  same  characteristics  as  Figure  F.2  with  the 
peak  voltages  around  ±3  V  and  0V  at  50  kHz. 

F.6.3  Integrator  and  Mapping  Section 

This  part  is  strictly  a  DC  section  and,  therefore,  can  be  tested  by  applying 
either  DC  voltage  at  pin  19  after  removing  the  jumper  wire  J2  or  sine  wave  to  the 
IF  input  of  the  AGC  box.  Refer  to  Figure  F.6.  Voltage  across  R61  (current  into 
IC8)  should  change  when  changing  positions  of  the  switches  S2  and  S3.  And,  the 
output  voltage  at  pin  17  should  have  the  characteristics  shown  in  Figure  F.8. 


14.5V 


4V  - 

DC  Input  "  “ 

•c  plnl9  +3V 

AC  Input  44KHz 


0V  -3V 
50KHx  56K1U 


Figure  F.8:  Output  Characteristic  of  the  Range  Tracker 
F.6.4  Precaut ions 

The  DC  output  voltage  at  pin  17  of  this  tracker  board  is  a  very  sensitive 
function  of  power  supply  voltages.  Therefore,  in  case  of  bad  power  supply  fluc¬ 
tuations  or  in  the  case  where  the  power  supply  voltages  are  adjusted  higher  than 
±15.5  V  and  +18.5  V  (as  in  the  ship  experiment  where  long  power  lines  are  required), 
the  maximum  DC  output  voltage  may  exceed  +15  V  which,  in  turn,  may  cause  the 


failure  of  the  triangle  board.  Hence,  whenever  the  power  supply  voltages  exceed 
±15-5  V  or  +18.5  V,  it  is  suggested  that  the  maximum  output  voltage  of  the  tracker 
board  is  checked  to  have  around  14.5  VDC  at  56  kHz  CW  input.  The  voltages  higher 
than  14.5  VDC  should  be  reduced  using  R77. 


*  means  up pc r  switch  position 


Range  Tracker  Board  Layout  -  Top  View 


«d*«- 

connector 


AGC  Box  Layout  -  Top  View 
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RANGE  TRACKER  BOARD  WIRING  LIST 


TA3LE  F.l 


A3-7-Gnd 

E4-7-FI4 

II3-JI6 

Ml  3-INI  1  _ 

A4-8-(-I5v) 

E5-F4-(-15v) 

MI5-NI6 - 15 

AII-IS-(*I5v) 

E6-8-FI l-Gnd 

JI-2-(S2-l) 

Ml6-(+l5v) 

A2-BI6-(R40-l-2)-Gl 

£9-IO-F6-<C13*) 

J3- (S2-2) 

AI4-GI6 

El  I-I2-F3 

J4-8-I7 

Nl-Gnd 

A6-G5 

£1 3-14-1 5-1 6-F2- (Cl  3*1 

J5-6-7 

N2-  (+1 5v) 

AI0-GI1 

J9- K8-Gnd 

HJ-k 

F15-(*ISv) 

J12-M2 

*7 —  ^ 

BI-2 

F10-P10 

Jl4-IS-(S2-3) 

N8—  ,84 

B3-4 

-NI4-02 

B5-6-7-8 

Gl-2 

K3-4-5-6-7 

NIS"  jS 

89-14 

GI4-I5-I6 

K9-I3-I4-I5-I8 

BI2-I3-02 

G5-6 

07-NI3 

814-15-014 

G7-8 

Kl 1—1 2— ( S2— 2 ) 

08-3-Gnd 

(R30-2)-Gnd 

GI0-II-I3— Ti] 

010-MI 

(R33-2)-Gnd 

GI2 - -  I- 

L2-MI4—  rr 

01 1-LI3- (+1 5v) 

BII-(R30-I) 

G9-H8 

L3-M6—  12 

04- (- l Sv) 

G3-P8-  cm 

L4-H5 —  Hi 

CI-2 

G4-CIO-8IO 

LB  3— 1 4— 1  a— 1 6 

OI5-{*i8v) 

C3-4 

LS-Gnd 

C5-6-7-8  - 

H1-2-P9-12 

L6-7-02 

P2-3-4 - Tjr-GND 

CI4-I5-DIO 

H3-l6-(*l$v) 

L8- (R77- 1 ) 

PI3 - _2I  *18 

Cl  2-1 3-06 

H4-5-6-9-Gnd 

(R77-2-3)-(-15v) 

P14 - -;31  *1 5 

C9-14 

M7-8 

L9-I0-(C2I-) 

PI5 - 

CI1-(R33-I) 

(C2l+)-Gnd 

P7 - 27" 

CI6- (R40-3) 

Ml  3— 1 4— 1 S— 1 3 

LI  1  -014 —  12. 

LI2-N5—  14.—  1 1 0: 

04-8- (-1 5v) 

14-8-Gnd 

03-7-Gnd 

16-JIO 

M3-I I-I2-NI2-06 

01 1  —  1 5-  (♦•  Sv ) 

1 I0-K1-JI I-N4 

M7-Gnd 

1 1 1—1 5- J 1 3— (♦' Sw> 

H4-N9 

EI-HI0-I 1-12 

II4-JS 

M10-NI0 

is 


TA3LC  F.2 

TRACKER  BOARD  PARTS  UST  AGC  BOX 


R15 

6.8k 

R46 

12k 

«/*77 

IOK 

✓Rl 

IOK 

ri6 

150K 

R47 

4.7K 

R78 

12K 

R2 

6.8K 

R17 

3.3K 

R48 

I2K 

R79 

— 

R3 

UK 

Ris 

33K 

R49 

I2K 

R80 

47K(39K) 

R4 

I2K 

R19 

33K 

RSO 

I2K 

R8I 

I2K 

R5 

1  .OK* 

R20 

100K* 

RSI 

I2K* 

R82 

I20K 

R6 

I.OK* 

R2I 

390  K* 

R52 

I2K* 

R7 

I.5K 

R22 

l.5«* 

R53 

1 2K> 

CM 

.1* 

R8 

1  .OK 

R23 

I50K 

R54 

UK* 

CI2 

.1 

R9 

I.5K 

R24 

6.8K 

R55 

1 SK* 

CI3 

1.0 

RIO 

I2K 

R25 

I50K 

R56 

1 5K* 

CI4 

330p* 

Rll 

UK 

R26 

I50K 

R57 

I2K* 

CI5 

330pi; 

RI2 

4.7K 

R27 

4.7K 

R58 

120K' 

CI6 

330p* 

RI3 

47K 

R28 

33K* 

R59 

270K* 

C 1 7 

330p-'< 

R14 

47K 

R29 

390(33) 

R60 

82K* 

CIS 

.01 

✓R30 

500(69) 

R6I 

U  K» 

CI9 

.22 

Cl 

.1 

R3I 

33K* 

R62 

l.SH 

C20 

.01 

C2 

.01 

R32 

680(100) 

R63 

I2K 

C2I 

10 

C3 

.01 

v/R33 

500(78) 

R64 

12K 

C22 

.  1 

C4 

330p 

R34 

68K*(82K) 

R65 

I2K 

C23 

.  1  (removed) 

C5 

.01 

R35 

68K'(330K) 

R66 

UK 

C24 

.1 

C6-9 

.  1 

R36 

I20KMI50K) 

R67 

12K 

CIO 

.01 

R37 

— (220K) 

R68 

I2K 

Qi 

2N3906 

CM* 

22p 

R38 

I5K 

R69 

I2K 

R39 

I2K(I5K) 

v*70 

5K 

01-4 

Ge  Diodes 

ICI 

CA3080 

VR40 

I0K(9.47K) 

|/*7I 

5K 

IC2 

CA3I40 

R4I 

I20K 

VR72 

5K 

IC3-7 

CA31 40 

R42 

I2K 

R73 

680  (removed) 

ICS 

CA3080 

R43 

I2K 

R74 

33KM27K) 

IC9-H  CA3I40 

R44 

100 

R75 

13K(I2K) 

1 C 1 2 

CD4066 

R4$ 

I2K 

R76 

I2K 

(MCI  4066) 

AGC  BOX  WIRING  LIST 
lnput-(RI-3) 

Green- (R9) 

(-15v)-Black-(c7) 


Tl-2-3*4-5-6-7-8-(C6)-Gnd 

T9-I0-U7-WI 

T1I-Q7-8-U4-WIO 

T12-Q3 

TI3-I4-Q6-UI5-UI  l-Gnd 
TI5-U3-Q3-1* 

TI6-U2-Q5 


W2-3-4-S 

W6-0ucput 

W7-U7 

WI0-U8 

WII-I2-UIO 

WI3-I6 

WI4-I5-U6 

09- (- I 5v) 
QIO-I 1-12-13 
Q14-I5 


UI3-QI 

UI4-U6 


(RI-2)-Q2 

(RI-I)-QI 

(R9)“(C6)-QI6 


* 

0 


means  variable  resistors 
means  5*  tolerance  recommended 
indicates  new  discriminator  design 


va I ues 
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APPENDIX  G 

ELECTRICAL  LOAD  ANALYSIS 


I.  Aircraft  Source  Voltage  Required  =  +28  VDC 
Maximum  Current  Required  =  30.5  A 

II.  Electronics  Package  Current  Required  =  8.5  A  continuous 
Actuator  Current  Req.  under  Stall  =  22.0  A 

Actuator  Current  Req.  under  Load  =  10.0  A 


III.  Detai led  Analysi s: 
Power  Supplies: 


Voltage 

Current  Supplied-A- 

Max  Current  Capab i 1 i ty-A- 

+  18 

2.77 

5.0 

+  15 

.90 

2.2 

+  12 

1.1*0  -  2.20 

2.2 

+  5 

5.77 

9.0 

-18 

.73 

2.3 

-15 

.42 

2.2 

-12 

.25 

2.2 

-  5 

.10 

2.2 

Devi ces : 

Ins t rumen t /Dev  ice 

AC (Vol t 

Supply 

s)  DC (Vol ts) 

Current 

loadfmA/device) 

Power 

If  devices 

i 

IF  ampl if ier 

MS 

... 

10 

1 

2 

T.R.M.S.  meter 

1*5 

— 

... 

4 

1 

3 

Frequency  counter 

115 

— 

— 

7 

1 

4 

A1 1 imeter 

— 

28 

600 

1 

5 

HP  switches 

— 

28 

120 

-- 

2 

6 

Transco  swi tches 

— 

28 

120 

_ 

5 

7 

Fans 

— 

28 

220 

— 

2 

8 

X  -KU  band  oscillator 

— 

28 

*  1 80 

— 

1 

— 

18 

500 

-- 

1 

— 

-18 

100 

9 

Microprocessor 

— 

12 

400 

— 

1 

— 

-12 

250 

— 

— 

5 

5000 

— 

— 

-  5 

10 

10 

A/0  convertor 

— 

'  15 

150 

1 

and  associated  circuits 

— 

-15 

150 

1 1 

Recorder 

— 

12 

1 000 (average) 

1 

— 

5 

700(average) 

12 

C-band  osci 1 lator 

— 

+  15 

650 

-- 

1 

— 

-15 

100 

— 

28 

50 

13 

FM  generator 

— 

15 

50 

— 

1 

and  range  tracker 

— 

-15 

50 

— 

18 

20 

-- 

— 

5 

10 

14 

Pin  diode  switch 

— 

-15 

65 

-- 

1 

— 

5 

5° 

-- 

1 

15 

Actuator  control 

28 

1 0 , 000 (average) 

1 

22 ,000 (peak) 

-- 
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APPENDIX  H 

HELOSCAT  SYSTEM  WEIGHTS 


Data  Acquisition  Module 

=  30 

13.6 

Power  and  IF  Processing  Module 

=  67.5 

30.6 

RF  Module 

=  8.5 

3.9 

HELOSCAT  Structure 

=  49.0 

22.3 

24"  Dish  Antenna 

-  14.0 

6.4 

18"  Dish  Antenna 

=  9.0 

4. 1 

Radar  Altimeter  and  Mount 

=  8.0 

3.6 

TOTAL  WEIGHT 

=  181.0  lbs. 

82.3 

APPENDIX  I 

STANDARD  RADAR  TARGETS 


Luneberg  Lens  Cross-Section  (#328) 

Frequency  Cross-Section  « 

(GHz) _ (dB  rel  .  to  I  m 


1.5 

-  4.5 

4.4 

5.3 

4.8 

6.1 

5.2 

6.7 

5.6 

7.4 

6.0 

8.4 

6.4 

8.8 

6.8 

9.7 

7.2 

9.8 

7.6 

10.2 

8.6 

11.2 

9.6 

10.8 

10.6 

11.6 

11.6 

•  11.8 

12.6 

11.6 

13.6 

11.9 

14.6 

1 1.0 

15.6 

9.9 

16.6 

8.9 

frequency  response  of  t  mu-litri  «|  Itrn*  r*r lotto 
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APPENDIX  J 

HELOSCAT  System  Footprint  Sizes 
and 

Independent  Samples 


antenna  hsichy-  15.2  ::ete:(g(  50.  feet) 
polarization-  vv  (ia  i:ich  dish) 
incidence  angle*  10  degress 


neigh-.  13.2  r-:tT-:v.(  50.  f  :e?) 

POLARIZATION-  HH  (24  INCH  Df.:H) 
INCIDENCE.  ANGLE-  1C  DECREES 


FREOJENCT 

RE(H) 

RA(.l) 

AHEA(H**2) 

wjA. 

1.5  GHZ 

4.38 

5.35 

15.27 

4 

4.4  GHZ 

2.26 

2.01 

3-56 

1 

4. a  CKZ 

2.C7 

1.36 

3-C2 

l 

5.2  GHZ 

1.92 

1 .70 

2.57 

2 

5.6  GHZ 

1.79 

1.61 

2.2" 

2 

6.0  GHZ 

1.7C 

1.46 

1.95 

1 

6.4  GHZ 

1.42 

1.40 

1.56 

1 

6.8  GHZ 

1.56 

1.71 

1.40 

1 

7.2  GHZ 

1.33 

1.22 

1.2" 

1 

7.6  GHZ 

1.30 

1.15 

1.13 

1 

8.6  GHZ 

1.C3 

1 .00 

0.35 

1 

9.6  GHZ 

1.02 

0.91 

0.73 

1 

10.6  GHZ 

0.96 

0.32 

0.62 

1 

11.6  GHZ 

0.83 

0.76 

0.5C 

12.6  GHZ 

0.80 

0.67 

0.42 

1 

1 ].6  GHZ 

o.ao 

0.64 

0.40 

i 

14.6  GHZ 

0.77 

0.64 

C.39 

t 

15.6  CKZ 

0.74 

0.53 

0.34 

1 

16.6  GHZ 

0.65 

0.52 

0.26 

1 

INCIDENCE  ANCLE 

-  20  DEGREES 

FREQUENCY 

RE(H) 

HAOO 

AREA'-.**?' 

-U-. 

1.5  GHZ 

4.33 

4.04 

15.31 

3 

4.4  CKZ 

2.43 

2.11 

4.11 

4 

4.8  GHZ 

2.23 

1.95 

3.49 

4 

5.2  GHZ 

2.11 

1.73 

2.96 

4 

5.6  GHZ 

1.97 

1.63 

2.62 

3 

6.0  GHZ 

1.3" 

1.57 

2.26 

6 

6.4  GHZ 

1.36 

1.47 

1.30 

3 

6. a  GHZ 

1.49 

1.37 

1 .6) 

3 

7.2  GHZ 

1.46 

1.28 

1.46 

2 

7.6  GHZ 

1.43 

1.21 

1.36 

2 

a. 6  GHZ 

1.19 

1.05 

0.93 

2 

9.6  GHZ 

1.12 

0-96 

0.84  • 

2 

10.6  GHZ 

1.05 

0.36 

0.71 

2 

11.6  GHZ 

0.32 

0.30 

0.57 

2 

12.6  GHZ 

0.33 

0."C 

0-43 

2 

13.6  GHZ 

o.aa 

0.67 

0.46 

2 

14.6  GHZ 

0.85 

0.67 

0.45 

1 

15.6  GHZ 

o.ai 

0.61 

0-79 

1 

16.6  GHZ 

0.71 

C.54 

0.70 

A 

INCIDENCE  ANGLE-  7C  DEGREES 

FREQUENCY 

HE(M) 

ra;:o 

area(h**2) 

396. 

1.5  GHZ 

5. 70 

4.73 

19.69 

14 

4.4  GHZ 

2.92 

2.29 

5.25 

7 

4.8  GHZ 

2.63 

2.11 

4.45 

7 

5.2  GHZ 

2.43 

1.94 

7. "9 

6 

5.6  GHZ 

2.32 

1.34 

3.95 

6 

6.0  GHZ 

2.20 

1.66 

2.37 

6 

6.4  GHZ 

1.34 

1.59 

2.7C 

5 

6.8  GHZ 

1.?5 

1.49 

2.C5 

4 

7.2  GHZ 

1  ,"2 

1.73 

1.37 

4 

7.6  GHZ 

1.63 

1.71 

1.77 

4 

8.6  GHZ 

1.40 

1.14 

1.25 

3 

9-6  GHZ 

1.32 

1.04 

1.07 

3 

10.6  CHZ 

1.24 

0.33 

0.91 

5 

11.6  GHZ 

1.03 

0.36 

0.76 

7 

12.6  GHZ 

1 .04 

0.76 

0.62 

3 

13.6  CHZ 

1 .04 

0.77 

0.53 

5 

14.6  GHZ 

1  .GO 

0.77 

0.57 

2 

15.6  GHZ 

0.96 

0.66 

0.49 

2 

16.6  GHZ 

0.34 

0.57 

0.73 

2 

IHCIDc«»iCE  A.»CL£>  4G  DEJS&E3 

FREQUENCY 

RE(M) 

RA(H) 

AREA(H**2) 

HUM. 

1.5  GHZ 

7.34 

4.99 

28.75 

24 

4.4  CHZ 

3.75 

2.59 

7.61 

12 

4.8  GHZ 

3.43 

2.39 

6.45 

1 1 

5.2  GHZ 

3.18 

2.19 

5.47 

10 

5.6  GHZ 

2. '37 

2.03 

4.34 

10 

6.0  CHZ 

2.32 

1.33 

4.16 

3 

6.4  CHZ 

2.35 

l.dC 

3.35 

6 

6.J  GHZ 

2.25 

1 .63 

2.97 

7 

7.2  CHZ 

2.2Z 

1.57 

2."0 

7 

Y.o  G\*7 

2.15 

1.1" 

2.61 

7 

8.5  GHZ 

1.77 

1.77 

1.71 

6 

9.6  CHZ 

1.67 

1.1" 

1.5* 

1 

tC.G  GHZ 

1.53 

1.95 

1.31 

5 

1 1 .6  GHZ 

1 . 33 

C.9d 

1 .06 

4 

12.6  GHZ 

1.33 

C  •  ou 

0.70 

4 

13.6  GHZ 

1.37 

0.7? 

C.05 

4 

14.5  GHZ 

1.23 

0.rt2 

0.82 

4 

15.<j  G.iZ 

1 .2  > 

V  •  |’  * 

0.  n 

4 

tu.u  GHZ 

1.07 

<v  •  U'J 

0 .  yj 

5 

FROG. (GHZ) 

RE(H) 

a.4(:i) 

AREA(:t‘»2) 

:m.  :::*>•:? 

1.5  GHZ 

2.51 

2.55 

5.22 

2 

1.4  GHZ 

1.5' 

1 .64 

2.03 

1 

4.3  GHZ 

1.4=3 

1.55 

1 .81 

1 

5.2  GHZ 

1-5-7 

1 .43 

1.56 

1 

5.6  GHZ 

I.3C 

1.37 

1.40 

1 

6.0  GHE 

1.2C 

1.28 

1.21 

1 

6.4  GHZ 

1.14 

1.19 

1.C7 

1 

6.3  GHZ 

1 .03 

'  1.13 

C.95 

1 

7-2  GHZ 

1 .02 

1 .06 

0.35 

1 

7.6  GHZ 

C.  36 

1.CC 

C.75 

1 

3.5  CHZ 

C.33 

C.  13 

C.53 

1 

9.6  GHZ 

C.74 

C.79 

0.46 

1 

IC.S  GHZ 

C.63 

0.73 

0.39 

1 

11.5  GHZ 

C.62 

0.67 

0.32 

1 

12.6  GHZ 

C.53 

0.64 

0.29 

1 

15.6  GHZ 

0.52 

0.64 

0.26 

c 

14.6  GHE 

C.4? 

0.61 

0.24 

0 

15.5  GHZ 

0.46 

C.61 

0.22 

0 

16.6  CHZ 

C.43 

C.53 

0.20 

c 

INCIDENCE  ANGLE-  20  DEGREES 

"REG. (GHZ) 

as(.z) 

ra{;:> 

AREA(M»*2) 

HUM. IHDS? 

1.5  GHZ 

2.76 

2.73 

6.02 

5 

4.4  GHZ 

1.73 

1.72 

2.34 

3 

4.3  GHZ 

1.63 

1.63 

2.C3 

3 

5.2  GHZ 

1 .55 

1.50 

1.X 

3 

5.5  CHZ 

1.43 

1.44 

1.61 

2 

6.0  GHZ 

1.32 

1.34 

'•39 

2 

5.4  GHZ 

1.26 

1.24 

1.23 

2 

6.3  GHZ 

1.19 

1.18 

1.1C 

2 

7.2  GHZ 

'.'2 

1.12 

C.93 

2 

7.6  GHZ 

1 .05 

1 .05 

C.37 

2 

3.6  GHZ 

C.32 

0.  >2 

0.66 

2 

3.6  CKZ 

C.31 

C.33 

0.53 

1 

1C. 6  GHZ 

C.75 

0.76 

C.45 

1 

11.6  CHZ 

C.63 

C.7C 

0.37 

1 

12.6  GHZ 

C.64 

0.67 

0.34 

1 

15.6  GHZ 

0.53 

0.67 

0.3C 

1 

14.6  GHZ 

0.54 

0.64 

0.27 

1 

15.6  CHZ 

0.51 

0.64 

0.25 

1 

1 5.5  GHZ 

0.47 

0.61 

0.23 

X 

INCIDENCE  ANGLE- 

3C  DEGREES 

FREQ. (GHZ) 

RS( :) 

RA(M) 

AREA(:i»»2) 

:iu;mhds?. 

1.5  GHZ 

3-25 

3.02 

7.70 

a 

4.4  GHZ 

2.C4 

1.37 

3. CO 

5 

4.0  GHZ 

1.92 

1.77 

2.66 

5 

5-2  GHZ 

1.X 

1.63 

2.3C 

5 

5.6  CHZ 

1.63 

1.56 

2.C5 

4 

6.0  GHZ 

1.56 

1.45 

1.73 

4 

6.4  GHZ 

1.49 

1.35 

1.57 

4 

6.8  CHZ 

1.40 

1.23 

1.41 

3 

7.2  GHZ 

.t -32 

1.21 

1.25 

3 

7.6  GHZ 

1.24 

1.14 

1.11 

3 

3.6  GHZ 

1 .03 

1.CC 

0.85 

3 

9-6  GHZ 

0.96 

0.9C 

0.63 

2 

1C. 6  GHZ 

0.33 

0.33 

CT57 

2 

11.6  GHZ 

C.30 

0.76 

0.43 

2 

12.6  CHZ 

0.76 

0.73 

0.43 

2 

13.6  GHZ 

0.63 

0.73 

0.39 

2 

14.6  GHZ 

0.64 

C.69 

0.35 

2 

15.5  GHZ 

0.6C 

0.69 

0.33 

1 

16.6  GHZ 

0.56 

0.66 

0.29 

1 

INCIDENCE  ANGLE- 

40  DEGREES 

FREQ. (GHZ) 

RE(.I) 

SACO 

AREA(t**2) 

TJM.  nos? 

1.5  GHZ 

4.16 

3.42 

1 1.17 

13 

4.4  GHZ 

2.61 

2.11 

4.33 

3 

4.3  GHZ 

2.46 

2.CC 

3.35 

3 

5.2  GHZ 

2.7C 

1.34 

3.52 

7 

5.3  GHZ 

2.15 

1  .70 

2.97 

7 

6.0  GHO 

1.99 

1  .64 

2.57 

6 

6.4  GHZ 

1.39 

1.33 

2.2? 

6 

5.9  GHZ 

1.77 

1.45 

2.C3 

6 

7.2  GHZ 

1.61 

1.37 

1  ..11 

5 

7.6  GHZ 

1.59 

i.29 

1  .f.1 

5 

■3.6  ZWZ 

1.37 

1.13 

1 .25 

4 

9.5  3i!« 

1.23 

1 .22 

CO-9 

4 

ic. 6 

1.12 

C.  >4 

C . ,  *  5 

i 

it.6  Sir. 

1 .02 

C..16 

C.69 

5 

12.6 

C.97 

C.  12 

0.65 

5 

1 >.6  CM2 

C.  17 

C.  32 

C.5u 

3 

14.6  OHZ 

0.112 

C.79 

C.5C 

3 

15.6  vr. 

C.-" 

C.7M 

c.  t- 

2 

o'dtVc 

does 

noK; 

C.  12 

2 

I^CiD&JCK  Atliilc]*  5O  DEGrfZSS 


I2C10SUCB  AU3L'>  5C  D2GHS23 


108j 


wisjaaac*  re(.o 

RA(H) 

AREA(:;**2) 

H'JE.IilDZP. 

FHlZG.(CHZ)  R-(.i) 

ra(:i) 

4REA(H»»2) 

;iu;t 

.INDZ? 

;  1.5  an- 

o.9G 

5.96 

44.50 

54 

l  •  5  GHZ 

5.  j» 

4.C8 

19.C3 

25 

4.4  -;hs 

5.34 

5.C9 

12.96 

21 

4.4  GHZ 

3.71 

2-32 

7.36 

14 

V  4.3  GHZ 

4.39 

2.35 

10.97 

19 

4.3  GHZ 

5.49 

2.38 

6.53 

13 

5.2  cm 

4.32 

2.62 

9.50 

17 

5*2  GHZ 

3.27 

2.19 

5.64 

13 

IV  5.6  OKZ 

4.2  j 

2.48 

8.2} 

16 

5.6  GHZ 

3.C3 

2.10 

5.C4 

12 

o.O  GKm 

4. Cl 

2.24 

7 .06 

15 

6.0  GHZ 

2.03 

1.96 

4.36 

11 

. *  *  0.4  GHZ 

J.75 

2.15 

5. *4 

6.4  GHZ 

2.69 

1.32 

3.34 

1C 

b.3  GHZ 

3.2c 

2. Cl 

5. Cl 

12 

6.3  CHZ 

2.54 

1.73 

3.45 

1C 

7.2  GHZ 

3.11 

1.3- 

4.69 

12 

7.2  GHZ 

2.4C 

1.63 

*.C7 

9 

»"  *  7*6  311* 

y.C; 

1.77 

4.25 

12 

7.6  GHZ 

2.25 

1.54 

2. "2 

9 

.*  • .  3.0  CHm 

2.54 

1.54 

3.07 

10 

3.6  GHZ 

1.76 

1.35 

2.C3 

3 

o'- 9.0  Cit2 

2. 40 

1.4S 

2.63 

9 

9.6  GHZ 

1.74 

1.21 

1.66 

7 

*'.*  1C. 6  CItZ 

2.25 

1.26 

2.23 

9 

1C. 6  GHZ 

i.6c 

1.12 

1 .40 

6 

11.6  GHZ 

1.96 

1.17 

1.79 

a 

11.6  GHZ 

1.45 

1.03 

117 

6 

Wj  1 2.6  GHZ 

1.89 

1.0* 

1.52 

7 

12.6  CilZ 

1.33 

0.93 

1.06 

5 

!*■  11.8  one 

1.33 

0.98 

1.45 

7 

15.6  GHZ 

1.23 

0.93 

0.95 

5 

k  .  14.6  GHZ 

1  .31 

0.93 

1.39 

7 

14.6  GHZ 

1.16 

C.93 

C.35 

4 

15.6  GHZ 

1.74 

0.89 

1.21 

7 

15.6  GHZ 

1 .09 

C-93 

o.ac 

« 

.  16.6  GHZ 

1.52 

0.79 

0.95 

6 

16.6  GHZ 

1.C1 

C.39 

c.71 

4 

MCIDSN 

-2  ANGLE*  6C  DEGREES 

INCIDENCE  ANGLE 

6C  DECREES 

••  ■■  FR23UENCY 

HE(.l) 

RA(H) 

A3EA(H**2) 

NUH.IMDEP. 

FRZG.(CHZ) 

3E(:i) 

RA(.4) 

AREA(M»*2) 

.NU2 

INDEP. 

1.5  GHZ 

10.47 

7*82 

73.12 

45 

1.5  GHZ 

9.37 

5.27 

40. 1 6 

41 

JM  4.4  GHZ 

3. 90 

3.99 

27. aa 

39 

4.4  CHZ 

5.16 

3.25 

15.72 

27 

4.3  GHZ 

3.14 

5.6a 

23.55 

55 

4.-J  GHZ 

5.79 

3.C7 

13.95 

25 

5.2  GHZ 

7.52 

3.33 

19.94 

13 

5.2  GHZ 

5.43 

2.33 

12.  C4 

24 

5.0  GHZ 

7.C2 

5.19 

17.61 

30 

5.6  GHZ 

5. Co 

2.70 

1C. 74 

22 

;  *  6.C  GHZ 

6.65 

2.d9 

15.10 

29 

6.0  GHZ 

4.69 

2-52 

9.3C 

20 

6*4  GHZ 

5.55 

2.77 

12.C5 

24 

6.4  GHZ 

4.45 

2.3: 

3.19 

19 

6.3  CH* 

5.50 

2.5a 

10. 16 

23 

o.J  GHZ 

4.21 

2.22 

7.34 

18 

kV.'  7.2  GHZ 

5.13 

2.40 

9.73 

22 

7.2  GHZ 

3.77 

2.1c 

6.54 

17 

^  .  7.6  GHZ 

5. Co 

2.29 

9.07 

22 

7.6  GHZ 

3.72 

1 .99 

5.79 

16 

8. 6  GHZ 

4.21 

1.93 

6.55 

IS 

3.6  GHZ 

3.24 

1 .74 

4  .A1? 

14 

9.6  CHZ 

3.37 

1.X 

5« 61 

17 

9-6  GHZ 

2.83 

’.56 

3.53 

12 

1C. 6  GHZ 

3-72 

1.62 

4*74  . 

16 

IC.5  GHZ 

2.64 

1 .44 

2.93 

1 1 

11.6  GHZ 

3.24 

1.50 

j.82 

14 

11.6  GHZ 

2.4C 

'•32 

2.43 

10 

12.o  GHZ 

3.12 

1.32 

5.23 

14 

12.5  GHZ 

2.23 

1.26 

2.25 

1C 

13.6  GHZ 

3.12 

1.26 

3. 09 

14 

15.-3  GHZ 

2.C4 

1.25 

2. Cl 

9 

14.6  GHZ 

3.CC 

1.26 

2.T7 

1’ 

14.6  GHZ 

1.92 

1.2C 

1.81 

3 

15. G  GHZ 

2.78 

1.14 

2.33 

12 

15.6  GHZ 

I.3Z 

1.20 

1.69 

3 

16.6  GHZ 

2.52 

1.C2 

2.02 

11 

1 6.C  GHZ 

1.63 

1.14 

1.5C 

7 

B 

IHCIDSHC2  ANCLE 

•  70  DEGREES 

INCIDENCE  ANGLE 

7C  DEGREES 

!  ‘  ■  F3S3UZNCY 

5E(Z) 

R.\(:t) 

AREA(:;»»2) 

hide?. 

F?.r.G.(GHZ) 

RE(..) 

RAU) 

ARS,\(:i»»2) 

;m. 

IHDEP . 

■■ ■  1.5  GHZ 

13.65 

12.01 

146.70 

64 

1.3  GHZ 

13.65 

7.33 

95-55 

64 

r.  4.4  GHZ 

13.65 

5.9C 

70. U2 

4.4  GHZ 

12.50 

4.79 

43.7C 

59 

•,  .  4.3  GHZ 

13.63 

5.44 

63.79 

64 

4.3  GHZ 

I2.2C 

4.51 

43.99 

57 

5.2  GHZ 

13.56 

4.93 

56.65 

64 

5.2  GHZ 

11  .70 

4.15 

30.13 

55 

5.6  GHZ 

13.  id 

4.7C 

51.72 

62 

5-0  CHZ 

10. 3C 

3.37 

35-97 

51 

6.0  GHZ 

12.39 

4.25 

45-42 

61 

6.0  GHZ 

1C. 10 

3.70 

29-35 

47 

HO  5-4  GHZ 

11.97 

4.C6 

3d.  13 

56 

6.4  GHZ 

9.57 

3.43 

25.31 

«5 

•  0.3  GriZ 

n.43 

3.79 

34.07 

54 

6.3  GHZ 

9.C4 

3.26 

23.13 

43 

7.2  GHZ 

11.17 

3-55 

30.  J4 

53 

•  7.2  GHZ 

8.52 

3.C3 

20-59 

40 

.  '  7.6  GHZ 

1C. 90 

3-35 

28.63 

51 

7.6  GHZ 

7.99 

2.'C 

19.21 

33 

„•  '  3.6  GHZ 

9. 04 

2.90 

20.62 

45 

3.6  GHZ 

6.95 

2.  . 

13.90 

33 

9.6  GHZ 

8.52 

2.64 

17.65 

40 

9-0  GHZ 

6.17 

2.23 

11 .06 

29 

1C. 6  GHZ 

7.99 

2.37 

14.90 

30 

IC.6  GHZ 

5.65 

2.11 

9-35 

27 

r  11.6  GHZ 

6.95 

2. 20 

11.93 

33 

11.6  GHZ 

5.14 

1-93 

7.73 

24 

,  12.6  GHZ 

6.69 

1.93 

10.15 

31 

12.6  GHZ 

4.88 

1 .34 

7.C5 

23 

13.6  GHZ 

6.6J 

1.34 

9.69 

31 

13.6  GHZ 

4.36 

1  .64 

6.31 

20 

14.6  GHZ 

6.43 

1.34 

9.31 

3C 

14.5  CHZ 

4.1C 

'•75 

5.65 

19 

15.6  CHZ 

6.17 

1.67 

a.ca 

29 

15»6  CHZ 

3.35 

1.75 

5.29 

13 

16.6  GHZ 

5.33 

1 .49 

6.52 

25 

16.6  GHZ 

3.59 

1.66 

4.69 

17 

INCIDENCE  ANGLE 

JC  DZGRZCo 

1:1  ci  den: 

E  MJGLE 

3C  DEGREES 

FRZGJEHCY 

RE(.-I) 

RA(H)  AREA(iI*»2) 

::u.;.i:;de?. 

FRED. (GHZ) 

RS(m) 

RA(;;) 

AR*A(:i”2) 

U’JK 

i;ide?. 

1  1.5  GHZ 

24.0} 

35.33 

536.43 

122 

1 .5  GHZ 

24. 

16.37 

?6 6.32 

122 

1  -  4.4  GHZ 

24.33 

12.49 

276.31 

122 

4*4  GHZ 

24.83 

9.72 

221.'6 

122 

•  4.3  GHZ 

24. d> 

11.56 

254. J5 

122 

4.3  GHZ 

24.33 

7.14 

2C7.31 

122 

►  5*2  GHZ 

24.35 

ic.51 

252.  34 

122 

5.2  2112 

24.33 

3.  :o 

' 70. 1C 

122 

5.0  GHZ 

24.35 

J.67 

219.52 

122 

5.6  G!IZ 

24.35 

7.39 

n:.)2 

122 

6.0  GHZ 

24.33 

3.71 

1 JJ.C4 

122 

o.C  GHZ 

24.85 

7.45 

166.27 

122 

\  6.4  GHZ 

24.o3 

J.21 

196.55 

122 

o»4  ft1:  . 

24.  3} 

6.39 

'52.77 

122 

6..>  GHZ 

24.  J} 

7.65 

175.42 

122 

6.  S  Gil*. 

24.35 

6.51 

U'.26 

122 

/  •  2  GnZ 

24.3} 

7.11 

1 uC.o2 

122 

7.2  2;i.‘. 

24.  J5 

6,14 

1  j  )•  44 

122 

7.0  ;.[■ 

24.3  3 

0  ■  74 

132.67 

122 

7.o  *ImZ 

24.35 

5.  M 

1  2 

122 

J.o  GHZ 

24.0) 

)«X 

12,'.  77 

122 

3 .  j  G«w 

21. C  4 

5.:c 

1 : 1 . c" 

11  J 

*  J.o  GHZ 

24.o) 

5.27 

1 u.;j 

122 

).u  2.1- 

22.  jC 

4.V. 

J4.j; 

1  1  ) 

,  lo.o  ol.Z 

24.  J) 

■i.r; 

1C-.  JC 

122 

1 C  .  0  G.5.. 

22.12 

4.1" 

72.06 

ICj 

n.o  j:iz 

•M.^4 

J.3o 

J?.  ;C 

1  12 

11 .  j  2  iZ 

2C.12 

).  i7 

SC.;  2 

)> 

IZ.o  G.iZ 

23.0, 

>.d4 

75. 1 5 

1  1  ‘ 

12.  .  i- 

1  ).C  J 

).b4 

54 . oC 

) » 

■  I  /.o  GHZ 

2;.:>6 

j  .uu 

71 .72 

1  1  ! 

1  },n 

17.C*. 

3.64 

•  ) 

j; 

■  l-».o  GHZ 

2;.2J 

t .  66 

6  >.  J  9 

11) 

1.1.  -  m  : 

3.46 

i  i.r 

7 1 

<  '5.0  JL 

22.  /- 

>.  J 

0 1  .>»«.’ 

1  1 

ir  7: ; 

r- 

5.4  '• 

> 

-• 

-  'u.3  C.t- 

21 .  *.  y 

2.  0 

;  i.- ; 

l»  i 

v».  1  ’ 

109) 


:  r.u  height-  < 


:u»  heigh?*  50.4  *r?tiuj(icc.  «EZ7) 
fOt*ii2*Tio:i-  w  (i.i  high  diju) 


iscideiice  ahcle«  tc  degrees 


PftEsuezcr 

ke(:0 

ra(  a)  ahea(:;**2) 

aui.noEP. 

1.3  CHZ 

3.77 

7.7C 

55.06 

3 

4.4  OHO 

4.52 

4.C2 

14.26 

4 

i.i  oh: 

4.14 

3.71 

U.C) 

4 

5.2  OHO 

3.33 

3-41 

1C. 27 

3 

5.5  GHZ 

3.51 

3.23 

9-C9 

3 

s.c  oh: 

3.4C 

2.92 

7.8C 

3 

6.4  oh: 

2.14 

2.30 

6.25 

2 

6.3  GHZ 

2.72 

2.62 

5-59 

2 

7.2  GHZ 

2.66 

2.43 

5-C3 

2 

7.6  GHZ 

2.6C 

2.31 

4.71 

2 

3.6  CHZ 

2.16 

2.01 

3.41 

2 

9-6  GHZ 

2.C4 

1.32 

2.92 

2 

10.6  GHZ 

1.91 

1.64 

2.47 

2 

11.6  GHZ 

1.67 

1.52 

1.99 

1 

12.6  CHZ 

1.61 

1.34 

1.69 

1 

13.6  GHZ 

1.61 

1.28 

1.61 

1 

14.6  GHZ 

1.54 

1.23 

<•55 

1 

15.6  CHZ 

1.43 

1.16 

1.35 

1 

<6.6  GHZ 

1.3C 

1.03 

1.05 

1 

isciasacz  a.igle 

•  20  DEGREE! 

FRESUSHCr 

rb(h) 

HMD 

4REA(:i»»2) 

::u.<.  ihdep. 

1.5  GHZ 

9.65 

3.C3 

61.26 

17 

4.4  CHZ 

4.96 

4.21 

16.43 

9 

4.3  GHZ 

4.55 

3-89 

13-92 

3 

5.2  GHZ 

4.21 

3-57 

11.32 

7 

5.6  GHZ 

3.94 

3-33 

1C. 46 

7 

6.C  GHZ 

3-74 

3.C6 

8-95 

6  ' 

6.4  GHZ 

3.12 

2.93 

7.20 

5 

6.3  GHZ 

2.99 

2.74 

6.43 

5 

7.2  GHZ 

2.92 

2.55 

5.85 

5 

7.6  GHZ 

2.35 

2.42 

5.43 

5 

8.6  GHZ 

2.39 

2. 1C 

5-93  ' 

4 

9-6  GHZ 

2.24 

1.91 

3-36 

4 

10.6  CHZ 

2.10 

1.72 

2-94 

4 

11.6  GHZ 

1.93 

1.5) 

2.29 

3 

12.6  GHZ 

1.76 

1.4C 

1.94 

3 

13.6  CHZ 

1.76 

1-34 

1.35 

3 

14.5  GH2 

1.70 

1-34 

1.78 

3 

15-6  GHZ 

1.63 

1.21 

1.55 

3 

16.6  GHZ 

1.42 

i.ca 

1.21 

2 

ihcige:; 

CE  A'.IGLE 

-  30  DEGREES 

FRSGUZIiClf 

RE(.I) 

ha(:i) 

ARSA(H**2) 

:iu:t.  1:1  dep. 

1.5  GHZ 

11 .41 

3.79 

78.72 

29 

4.4  GHZ 

5- 35 

4.57 

21. 02 

15 

4.3  GHZ 

5.37 

4.23 

17.81 

13 

5-2  GHZ 

4.96 

3.38 

15.12 

12 

5-6  GHZ 

4-64 

.  3-67 

13.33 

12 

6.C  CHZ 

4.40 

3.32 

11.49 

tl 

6.4  CHZ 

3-63 

3.18 

9.20 

9 

6.3  GHZ 

3-52 

2.93 

3.22 

9 

7.2  GHZ 

J.44 

2.77 

7.47 

9 

7*8  ZtiZ 

3-36 

2.63 

6.94 

a 

8.6  GHZ 

2.3C 

2.23 

5.C2 

7 

9.6  GHZ 

2.64 

2.C3 

4.30 

7 

1C. 6  GHZ 

2.43 

1.87 

3.63 

6 

11.6  CHZ 

2.16 

1.73 

2.93 

5 

12.6  CHZ 

2.C3 

1.52 

2.48 

5 

0.6  GHZ 

2.C3 

1.45 

2.37 

5 

14.6  CHZ 

2. CO 

1.45 

2.23 

5 

0.6  CHZ 

1.92 

1.31 

1.93 

5 

16.6  CHZ 

1.69 

1.13 

1.55 

4 

INCIDENCE  A3CLE-  40  GEGRZ 

E3 

FREQUENCY 

HE(H) 

RA(H) 

AR3A(H,#2) 

HUM.  HIDE?. 

1.5*  CHZ 

14.6) 

9.97 

1 15.CC 

48 

4.4  CHZ 

7.49 

5.13 

50.45 

24 

4.J  CHZ 

6.37 

4.73 

25-  SC 

22 

5.2  CHZ 

6.35 

4.39 

21.8) 

2C 

5.6  CHZ 

5.  34 

4.15 

19-57 

U 

6.C  CHZ 

5.63 

3.76 

16.62 

13 

6.4  ZtiZ 

4.7C 

3.6C 

15.5' 

15 

6. cl  CHZ 

4.5C 

5.57 

11.89 

14 

7*.  2  ZAZ 

4.40 

5-13 

1C. 31 

14 

7.6  GHZ 

4.29 

2.37 

1C.CS 

14 

9.6  CHZ 

3.53 

2.53 

7.25 

12 

9.6  CHZ 

3-37 

2.35 

6.21 

11 

1C. 6  CHZ 

3.17 

2.1 1 

5-25 

10 

11.6  CHZ 

2.76 

1.96 

4.25 

9 

12.6  CHZ 

2.66 

1 .72 

3.5) 

) 

0.6  CHZ 

2.66 

1 .64 

3.43 

3 

14.6  CHZ 

2.55 

I 

;.29 

3 

0.6  CHZ 

2.45 

1  .43 

2.  .6 

1 

1 i  Z.iZ 

2.1  1 

1  .  .  i 

2.21 

1 

h-e’Kics.  vi.::) 

Mi.mi.’.Af: j.;*  an  (2i  :zz:i  oiaa) 


l:i:o~::Ct:  v::jl>  ic  degrees 


FRED.  (SHI) 

HE(0 

RA(H) 

ahea(.:»»2) 

H9H.  ::idep. 

1.5  ;hz 

5. Cl 

3.5C 

2C.83 

1 

1.4  Cll-G 

3.16 

5.89 

8.14 

3 

4.9  c:iz 

2.r 

5.1C 

7.25 

3 

5.2  GHZ 

2.73 

2.  16 

6.25 

2 

5.6  g:(E 

2.6C 

2.74 

5.59 

2 

6.C  CUE 

2.41 

2.56 

4.  HI 

2 

6.1  "H* 

2.29 

2.37 

4.26 

2 

6.8  CHE 

2.16 

2.25 

3.82 

2 

7.2  GHZ 

2. Cl 

2.15 

3.41 

2 

7.6  GHZ 

l.)1 

2. Cl 

3.C2 

2 

8. 6  GHZ 

1.67 

1.76 

2.51 

1 

9.6  GHZ 

1.43 

1.58 

1 .94 

1 

1C. 6  GHE 

1.55 

1.46 

1.56 

1 

11.6  G'.IE 

1.24 

1.34 

1 .  JO 

1 

12.6  GHZ 

1.17 

1.23 

1.13 

1 

13.6  CHE 

1 .05 

1.29 

I.C5 

1 

14.6  GHE 

C.9J 

1.22 

C.94 

1 

15.6  GHE 

C.  J3 

1.22 

C- 99 

1 

16.6  GHE 

C.J4 

1.16 

C.7J 

1 

IHCIDSHCE  AHOLB 

-  2C  DEGREES 

PREG. (GHE 

H-(H) 

RA(H) 

ASSA(M**2) 

huh.  ::idep 

1.5  GHE 

5.5' 

5-56 

24* Co 

9 

4.4  CUE 

3.45 

3.45 

3-57 

6 

4.9  CHE 

3-26 

3-25 

3. 33 

6 

5.2  GHE 

3-C5 

3.CC 

7.19 

5 

5.6  CUE 

2.35 

2.07 

6.43 

5 

6.C  GHE 

2.65 

2.68 

5-57 

5 

6.4  GHE 

2.5' 

2.49 

4.90 

4 

(.3  GHE 

2. 33 

2.36 

4.4C 

4 

7.2  GHE 

2.24 

2.23 

3-32 

4 

7.6  GHZ 

2. 1C 

2.1C 

3.43 

4 

8.6  GHE 

1.35 

1.85 

2*66 

3 

9-6  GHE 

1.63 

1.66 

202 

3 

10. 6  GHE 

1.4) 

1.53 

1.79 

3 

11.6  GHE 

1.36 

I.4C 

1.49 

2 

12.6  GHZ 

1.29 

1.54 

1.36 

2 

13. i  GHZ 

1.15 

1.34 

1.21 

2 

14.6  GHZ 

1.C) 

1.27 

1 .09 

2 

15.6  GHZ 

1.C2 

1.27 

1.C2 

2 

16.6  GHE 

C.  95 

1.21 

C.9C 

0 

IHCIDZHCK  ANGLE*  30  DEGRESS 


FRED. (GHE) 

RE(H) 

RA(H) 

AREA(H»»2) 

SU;UI3D2P. 

1.5  CHE 

6.50 

6.C4 

30. 3C 

16 

4.4  CHE 

4X9 

3.74 

11.93 

10 

4.8  CHE 

3-34 

3.53 

10.65 

10 

5.2  CHZ 

3-6C 

3.25 

9.1) 

9 

5*6  GHE 

3-55 

3.11 

8.21 

a 

$.0  GHZ 

3-12 

2.91 

7.'2 

8 

6.4  CHZ 

2.)6 

2.7C 

6.27 

7 

6.3  CHZ 

2.X 

2.56 

5.62 

7 

7.2  GHE 

2.64 

2.42 

5.C2 

7 

7.6  CHS 

2.43 

E.23 

4.44 

6 

9.6  GHE 

2.16 

2.Q.1 

3.40 

5 

9-6  GHZ 

1.92 

1  ,X 

2.71 

5 

1C. 6  CHE 

1.76 

1.66 

2.29 

4 

11.6  GHZ 

1.60 

1.52 

1.91 

4 

12.6  CHZ 

1.52 

1.45 

1.73 

4 

13.6  GHZ 

1.36 

1.45 

1.55 

3 

14.6  CHZ 

1 .28 

1.38 

1.39 

3 

15-6  CHZ 

1.2C 

1.38 

1.30 

3 

16.6  GHZ 

1.12 

1.31 

1.15 

3 

IHCIDSHCE  ANGLE 

•  4C  DECREES 

f REG. (GHZ) 

RS(H) 

RA(.H) 

AREA(;;*»2) 

:iu:u:»Dtp 

1.5  CHZ 

3.32 

6.83 

44.66 

27 

4.4  GHZ 

5-22 

4.23 

17.54 

17 

4.9  GHZ 

4. 91 

3.39 

15.42 

1 6 

5-2  GHE 

4.60 

3.63 

15.3C 

15 

5.6  GHZ 

4.29 

3.52 

1  1.93 

14 

6.0  GHE 

3-9) 

5.2  9 

1C.  21 

U 

6.4  GHZ 

3-73 

5*05 

9X5 

12 

6.9  CHZ 

•3-53 

2.'9C 

*1.15 

12 

7.2  GHE 

5-37 

2.74 

7.25 

11 

7.6  GHZ 

5.17 

2.53 

6.42 

10 

9.6  GHZ 

2.76 

2.27 

4.91 

9 

9*6  GHZ 

2.45 

2.C3 

3.91 

3 

1C. 6  GHE 

2.25 

1.93 

5.71 

7 

11.6  GHZ 

2.C4 

1.72 

2.76 

7 

12.6  GHZ 

1-94 

1 .64 

2.6C 

6 

1  J.6  GHZ 

1.74 

1 .64 

2.21 

6 

14.5  GHE 

1.6S 

1 .50 

2X1 

5 

1,.5  G'lE 

1.5' 

1  . 56 

l.i) 

5 

16.. j  SHI 

1 .  i> 

1.4  9 

1  .57 

5 

a 


li 


i 

i 

i 


M 


4 


< 


kioidshcs  augle-  5c  degrees 


FRE2UEUCY 

RE(H) 

RA{.-0 

A22A(::*»2) 

1  *5  Giiu 

17.32 

11.37 

173.43 

66 

4.4  GH2 

1C. 61 

6.1H 

51.34 

41 

4.3  GHZ 

9.79 

5.71 

43.37 

y.\ 

5.2  GH Z 

•).C5 

5.24 

37.21 

35 

5.6  CHZ 

3.45 

4.95 

32.9C 

32  ■ 

o.C  GH’ 

3.0 

4.43 

23.23 

31 

6.4  GHZ 

6.63 

4.30 

22.57 

25 

6.3  GHZ 

6-4C 

4.0 

20.17 

25 

7.2  GHZ 

5.25 

3.73 

13.33 

24 

7.6  GHZ 

6.11 

3.59 

17.0 

23 

0.6  SSLS 

5.C3 

3.03 

12.2} 

U 

3.6  GHZ 

4.79 

2.  JC 

1C. 53 

10 

1C. 6  CHZ 

4.50 

2.52 

3.9C 

17 

11.6  CHZ 

■j.92 

2.33 

7.17 

15 

12.6  GHZ 

3.77 

2.C5 

6.C3 

14 

15.6  GHZ 

3.77 

1.96 

5.3C 

14 

14.6  CHZ 

3.63 

1.96 

5-5a 

14 

15.6  CHZ 

3.49 

1.77 

4.84 

13 

1 6 • 6  GHZ 

3.C5 

1.53 

3.79 

12 

IMCIDE3CS  AUGDS*  60  DSGRE 

EG 

FRE3USHCT 

RE(M) 

RA(M) 

AR5A(M**2) 

HUM. IHDOP 

1.5  GHZ 

19-98 

15.64 

231.43 

36 

4.4  GHZ 

17.54 

7.93 

111.18 

76 

4.3  GHZ 

16.29 

*-  7.36 

94.20 

71 

5.2  GHZ 

15.  C4 

6.75 

79.76 

65 

5.6  GHZ 

14.C5 

6.39 

70.45 

61 

6.0  GHZ 

13.31 

5.73 

6C.4C  . 

53 

6*4  GHZ 

11.10 

5.57 

43.20 

43 

6.3  GHZ 

1C. 61 

5.17 

43.06 

46 

7.2  GHZ 

1C. 35 

4.01 

39-12 

45 

7.6  GHZ 

1C. 12 

4.57 

36.23 

44 

d.o  GHZ 

3.42 

3.96 

26.19 

36 

3.6  GHZ 

7.33 

3.6c 

22.43 

54 

1C. 6  GHZ 

7-45 

3.24 

13.95 

32 

11.6  GHZ 

6.43 

3-CC 

15.27 

23 

12.6  GHZ 

6.24 

2. 54 

12-93 

.  27 

1J.6  GHZ 

6.24 

2.52 

12.35 

27 

14.5  GHZ 

6.CC 

2-52 

11.87 

26 

15.6  GHZ 

5.76 

2.23 

1C.31 

25 

16.6  GHZ 

5-C4 

2.C4 

S.C6 

22 

IHCIDZHCE  AilCL: 

■  70  DEGR2 

ES 

PRF.DUEUCY 

RE(M) 

RA(.I) 

AREA(::*»2) 

gum.  ::.dep 

1.5  GHZ 

26.44 

24.  C2 

569.13 

124 

4.4  GHZ 

26.44 

11.31 

276.53 

124 

4.3  GHZ 

26.44 

ic.33 

249.31 

124 

5.2  GHZ 

26.44 

9.96 

223-C6 

124 

5.6  CHZ 

25-94 

9-41 

2C4.C7 

122 

6.C  GHZ 

25-36 

9.51 

179.53 

119 

6.4  CHZ 

23.57 

8.12 

152.24 

111 

6.3  CHZ 

22.37 

7.59 

136.27 

103 

7.2  GHZ 

22.33 

7.C6 

123.75 

1C5 

7.6  GHZ 

21.30 

6.7C 

114.71 

'03 

3.6  GHZ 

1S.09 

5.81 

32.49 

35 

9.6  GHZ 

17.C4 

5.23 

7C.6C 

30 

10.6  CHZ 

15-99 

4.75 

59.59 

75 

11.6  GHZ 

13.9C 

4.39 

47.93 

65 

12.6  CHZ 

13.33 

3.36 

4C.59 

63 

13.6  GHZ 

13-33 

3.59 

53.75 

63 

14.6  CSIZ 

12.36 

3.69 

37.23 

6C 

15. s  GHZ 

12.34 

3.33 

32.32 

53 

16.6  caz 

1C. 79 

2.93 

28.2  6 

51 

lacicsacE  jc  dzczz 

00 

FREG'JUUCY 

roI::) 

ra(h) 

A?p./ 1**1 

HI  JJ  r*JTlP|» 

1.5  GHZ 

43.33 

71.5’ 

21TC."4 

24C 

4.4  GHZ 

4:3.63 

24.  T 

1039.57 

240 

4.3  GHZ 

43.37 

22.72 

1 007.06 

24C 

5.2  GHZ 

4o.d3 

2C.51 

917.23 

24C 

5.6  GHZ 

43.33 

19.34 

364.52 

24C 

6.C  GHZ 

43. d3 

17.41 

UC.C) 

24C 

6.4  Gn« 

40.  d} 

16.47 

'75.26 

24c 

6.6  caz 

40.0} 

15.71 

637.67 

2AZ 

7.2  CRT. 

47.3' 

14.22 

5  -.4.0 

24C 

7.6  GHz 

40.0  i 

1  >.4J 

6CC. 45 

240 

3. j  GHz 

4J.0> 

1 1 .61 

bC-l.e,} 

24C 

)*Q  <jiiu 

4d.  T* 

!C.T* 

« r  *>  ovj 

2*.Z 

1C. 6  GH' 

•  O  Cl  t 

*V* 

r:~ 

1 1 .6  G'I7 

<»  /  .6”* 

o.“? 

<Z  j  . 

2"3 

1 2 • 0  GHZ 

43. '• 

'.6' 

27'..  3” 

Z" 

1  ,.6  caz 

zCtti 

r.-r 

i  n-ZZ 

2:1 

IZ.o  CHZ 

4o.  i  5 

1. ;; 

z-c.rc 

22/ 

t\>.o  ZtlZ 

4TTT) 

o.ol 

2  .7.10 

22} 

1  G.»Z 

42. 

t  •  * 
/•  ’« 

1 1 : .  1  * 

2" 

IGC1DEHCE  a:isl’>  5C  degrees 
prkg.Cchz)  re(:i)  ra(:;)  area(;;.»2)  sum.  i:;de? 


1.5  GHZ 

11.37 

3.16 

76.12 

46 

4.4  GHZ 

7.43 

5.C5 

29.42 

29 

4.3  GHZ 

6.99 

4.76 

23.15 

27 

5.2  GHZ 

6.55 

4.39 

22.56 

25 

5.6  GHZ 

6.11 

4. 20 

20.15 

23 

6.C  GHZ 

5.67 

3.92 

17.45 

22 

6.4  GHZ 

5.33 

3.64 

15.36 

21 

6.3  CHZ 

5. 03 

3. 49 

15.73 

19 

7.2  GHZ 

4.79 

3.26 

12.29 

18 

7.6  GHZ 

4.5C 

3.C3 

1C. 33 

17 

3.6  GHZ 

3-32 

2.7C 

3.32 

15 

9.6  GHZ 

3.43 

2.42 

6.63 

13 

10.6  CHZ 

3-19 

2.24 

5.61 

12 

11.6  GHZ 

2.90 

2.05 

4.67 

11 

12.6  GHZ 

2.76 

1.96 

4.24 

11 

15.6  CHZ 

2.47 

1.96 

3.79 

9 

14.6  GHZ 

2.32 

1.86 

3.40 

9 

15.6  CHZ 

2.13 

1.36 

3.13 

3 

16.6  GHZ 

2.C3 

1.77 

2.82 

a 

I3CIDE3CE  AHCLE-  60  DEGREES 
?RE5.(GH2)  RE(a)  RA(.l)  ASSA(H»»2)  HUH.I3DEP. 


1.5  GHZ 

13.29 

1C. 55 

153-24 

79 

4.4  GHZ 

12.32 

6.5C 

62.89 

55 

4.3  CHZ 

11.59 

6.13 

55.82 

50 

5.2  GHZ 

10.85 

5-65 

43.16 

47 

5.6  CHZ 

1C.12 

5.41 

42.93 

44 

6.C  GHZ 

9.39 

5.C4 

37. 2C 

41 

6.4  CHZ 

.  d-90 

4.6d 

32.75 

39 

6.3  CHZ 

8.42 

4.44 

29.37 

36 

7.2  GHZ 

7.93 

4.2C 

26.17 

3* 

7.6  CHZ 

7.45 

3.96 

23.17 

32 

3.6  GHZ 

6.49 

3.49 

17.71 

28 

9.6  GHZ 

5-76 

3-12 

14.10 

25 

1C. 6  GHZ 

5.23 

2.0.9 

11.93 

23 

11.6  GHZ 

4.3C 

2.64 

9-94 

21 

12.6  CHZ 

4.55 

2-52 

9. Cl 

20 

13-6  GHZ 

4.C3 

2.52 

3.C6 

13 

14.6  GHZ 

5-84 

2.4C 

7.22 

17 

15-6  GHZ 

3-6C 

2.4C 

6.77 

16 

16.6  CHZ 

3. 36 

2.23 

6.CC 

15 

IHCIDEJCE 

AHGLE* 

70  DEGREES 

FRS3.(0HZ)  RE(:0  RA(M)  AREA(K**2)  HUM.KIDEP 


1.5 

GHZ 

26.44 

15.65 

372.37 

124 

4.4 

CHO 

24.53 

9.56 

1  (12.74 

115 

4.3 

GHZ 

23-93 

9. Cl 

174.53 

113 

5.2 

GHZ 

23. 37 

3.3C 

152.49 

11C 

5-6 

GHZ 

21  .ac 

7.94 

135.37 

103 

o.C 

GHZ 

20.20 

7.40 

1 17.41 

95 

6.4 

GHZ 

19.14 

6.37 

1C3.25 

90 

6.3 

GHZ 

18. C9 

6.51 

92.50 

85 

7.2 

CHZ 

17.04 

6.16 

82.37 

ec 

7.6 

GHZ 

15-99 

5. SC 

72.35 

75 

3.6 

GHZ 

I3-9C 

5.C9 

55- 6C 

65 

9.6 

GHZ 

12.34 

4.55 

41.23 

53 

1 C .  6 

GHZ 

11.31 

4.21 

37.;) 

53 

11  .6 

GHG 

1C.  27 

3.36 

l'.i3 

49 

12.6 

GHZ 

9.75 

3.63 

23.21 

46 

13.6 

CHZ 

3.72 

3.63 

25.22 

41 

14.6 

CHZ 

9.21 

3.51 

22.60 

39 

15.6 

CHZ 

7.69 

3.51 

21 .13 

36 

16.6 

CHZ 

7.13 

3-33 

13.77 

34 

ItICI  DEUCE 

AGGIE1 

•  30  DECREES 

FHZ3 

(CHZ) 

Bfi(ii) 

**(>:) 

afsa( 

thj: 

1-5 

CHZ 

48.33 

33.-5 

1441  .*’9 

24C 

4.4 

CHZ 

49.83 

1  ».43 

3-2.12 

24C 

4.3 

CHZ 

49.83 

19.27 

319.32 

24C 

5.? 

caz 

49.83 

16.^6 

-4^.37 

24C 

9.6 

CHZ 

4S.37 

*5.  >3 

7M  .26 

24C 

6.C 

CMZ 

40.93 

1  t.99 

666 . C  7 

24C 

6.1 

caz 

49.  ^  1 

1  J.-5 

rCJ.r 

24C 

6.3 

caz 

49.  ■*' 
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